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ABSTRACT 


A hitherto unknown, dominant gene Are for resistance to the fungus Colletotrichum 
Lindemuthianum, has been found in the strain Cornell 49-242, a black bean, origin- 
ating in Venezuela. This gene has been used as a basis for a breeding programme of 
brown, dry shell beans and has been incorporated by means of backcrossing with 
cultivated varieties and halo blight resistant bred strains. Observed segregations may 
be explained by assuming the presence of one dominant gene, governing resistance to 
all races of all four race-groups (alpha, beta, gamma and delta) of the fungus causing 
anthracnose. Undesirable linkages have not been encountered. 


1. INTRODUCTION 


During the last 13 years an average of 4,400 ha of dry shell haricot beans have been 
grown in the Netherlands. Since 1954, however, the acreage had tended to decline. 
The crop has been concentrated in Zeeuws-Vlaanderen, the most southern part of 
the province of Zeeland in the southwest of the Netherlands. There, in 1959, 2,700 ha 
of the total acreage of 3,700 ha were grown. 

About 93% of the total acreage consisted of varieties with brown seed, of which 
Beka is the leading variety at present. 

The change in varietal popularity since 1947 is shown in table 1. It was caused by 
the better resistance of Beka to two diseases, viz. halo blight and anthracnose. How- 
ever, the variety is by no means immune or even very resistant, so the Plant Breeding 
Station Centraal Bureau initiated in 1942 a breeding program with the aim of obtaining 
a variety of brown bean, that will not need to be sprayed as a protection against attack 
by both halo blight and anthracnose under field conditions. Meanwhile a new variety, 
named Berna, has been accepted for commercial cultivation; it is contained in the Des- 
criptive List of Varieties of Field Crops, issue 1960. This variety is very resistant to ha- 
lo blight, but not to anthracnose, though it possesses some field resistance. Breeding 
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TABLE 1. ACREAGE OF VARIETIES WITH BROWN SEED, IN PERCENTAGE OF THE TOTAL BEAN ACREAGE 


EE LOE 0E NSE Oek EL SE en EE 


8 Noord 
Aka Beka Ceka Bataaf Candida Hollandse 
ef Brda eer AT vd Se NN EEE 
1947 1 24 7 de se 59 
1948 1 27 7 5 Ti DE 
1949 1 46 4 3 40 
1950 sp 55 3 Ì ie 
1951 1 58 2 sp 6 oe 
1952 sp 62 3 2 sp a 
1953 sp 63 2 l E ij 
1954 sp 72 l Î z3 4 
1955 sp 79 1} 1 5 5 
1956 == 81 sp sp El 3 
1957 — 86 5 zE a 28 
1958 e 85 : 3 5 2 
1959 5 88 = 4 5 d 


continues for the purpose of combining resistance to both diseases and other charac- 
ters, such as high yield, earliness and good quality. 

The breeding for resistance to anthracnose has been based on the strain Cornell 
49-242, obtained in 1953 from Mr. S. HONMA, University of Nebraska, Lincoln, 
Nebraska, U.S.A., who, in turn, had received this strain from Dr. T. L. YORK, 
Cornell University, Ithaca, New York, U.S.A. The strain was said to originate in 
Venezuela and to possess excellent resistance to alpha-, beta- and gamma-races of 
anthracnose and to mosaics and halo blight. It has small black seeds and ripens late. 


2. BREEDING PROCEDURE 


1954: Crosses were made of Beka and CB 4720 (own strain resistant to halo blight) 
with Cornell 49-242. 


1955: F‚-plants of these crosses (541 and 542) were inoculated and proved to be 
immune. F‚-plants were backerossed with various varieties and strains. F,-seed 
of these latter crosses (551 to 5510 incl.) was harvested from individual plants. 


1956: Fs-progenies of 551 to 5510 inclusive with brown seed colour were screened 
for resistance; immune plants were backcrossed with various halo-blight 
resistant strains (561 to 5618 incl.). F‚-seedlings of these latter crosses were 
screened; immune plants were backecrossed (5619 to 5628 incl.). 


1957: F‚-progenies of 561 to 5618 incl., when present, were selected for resistance. 
F‚-seedlings of 5619 to 5628 incl. were selected for resistance; immune plants 
wete backcrossed with halo blight resistant strains (571 to 576 incl.). Resistant 
F‚-plants of these latter crosses were, after screening for resistance, backcrossed 
with the varieties Aka and Beka (577 to 5712 incl.). 


1958: F,-progenies of 572 and 574 and F‚-progenies of 577 to 5712 incl. were selected — 
for resistance; resistant plants were crossed with Berna, the new variety re- 
sistant to halo blight (581 to 586 incl.). 
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No further backcrosses have since been made. In all, six successive backcrosses 
were made in a period of four years, and these were considered to be sufficient. Back- 
crosses were always made with varieties or strains with brown colour. A selection 
for brown colour was made in the first backcross and other colours have not occurred 
since. As a consequence of the repeated use of halo blight-resistant strains in back- 
crossing, this disease-resistance should be present in a high proportion of the indi- 
viduals in the progenies. 

The progenies of the 56, 57 and 58-crosses were multiplied and selection of promising 
plants started in 1958 in F, and F,. These plants were selected for seed quality. Five 
seeds of retained strains were sown in the greenhouse; seedlings were screened for 
resistance to anthracnose and halo blight and only strains resistant to, or segregating 
for, both diseases were sown in the experimental plots. Further selections on the basis 
of economic value were made there in 1959. Retained selections will be tested for 
yield, earliness and other characters and again for disease resistance in 1960. This 
system of selection will be continued. | 


3. METHOD OF SELECTION FOR RESISTANCE 


Dressed seeds were sown in pots or flats. When the primary leaves were about to 
unfold, the seedlings were sprayed with a spore suspension and placed in a humid 
chamber for at least 48 hours at a temperature of 15-20°C. The day after the first 
inoculation plants were sprayed again with a spore suspension. After this penetration 
period the plants were kept in a rather moist greenhouse (temperature 15-20 °C) until 
symptoms of attack developed far enough for a reliable selection to be made (figures 
1-2). Resistant plants were then transplanted into pots and grown to maturity. 

Spore suspensions were made by vigorously shaking sporulating cultures of 
Colletotrichum Lindemuthianum on agar. All these cultures were kindly and promptly 
supplied by Ir. N. HUBBELING, L.P.O., Wageningen. Two or three races of each of the 
alpha, beta-, gamma- and delta-group were cultured separately. Spores were mixed 
in the suspension, which was rather concentrated but never actually measured. The 
suspension was sprayed on the seedlings. 

The susceptible plants showed necrotic streaks, mainly on the hypocotyl, epicotyl, 
petioles and veins. These necrotic streaks expanded rapidly and eventually coalesced. 
Brown drops exuded from the diseased tissues. Eventually the attacked plants 
succumbed. Resistant and immune plants showed very little or no necrosis and growth 


was not impeded. 


4. RESULTS OF SELECTIONS FOR RESISTANCE 


The results will be dealt with in six different groups according to the parentage of 
the progenies. 


a. Varieties and F, 

As outlined in section 2 two crosses were made in 1954; the F‚-seed was tested for 
resistance along with the parental varieties. In these experiments the tests with alpha-, 
beta-, gamma- and delta-races were made separately. Table 2 shows the results. 
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TABLE 2. REACTION OF PARENTAL VARIETIES AND THEIR F, ° 


| alpha beta gamma delta 
Beka Ss Ss s Ss 
CB 4720 | s s s s 
Cornell 49-242 | R R R R 
541 F, (Beka Xx Cornell 49-242) | R R R R 
542 F,‚ (CB 4720 x Cornell 49-242) R R R R 


s — susceptible 
R — resistant 


Cornell 49-242 proved to be immune from all 4 groups of races and this character 


was inherited in dominant fashion. 


b. Fsy-progenies of heterozygous plants 


A number of F‚-progenies was inoculated with a mixture of races of the four race 
groups. The results are given in table 3. 


TABLE 3. SEGREGATION IN F3-PROGENIES OF HETEROZYGOUS PLANTS 


F,-progeny Not attacked Attacked | Fs-progeny Not attacked Attacked 


553 42 15 5619 4 2 
556 14 s 5620 4 2 
558 15 6 5622 3 0 
559 18 s 5624 s 1 
ROER 5627 s 1 
Total 89 31 5628 2 3 
566 3 0 
567 3 0 Total 23 9 
208 8 0 572 s 1 
50 8 3 574 24 8 
5611 2 2 
5612 4 1 E 
5613 1 0 Total 29 9 
5615 4 1 
5617 1 1 
5618 4 0 
Total 30 8 


In all, the segregation in F‚-progenies was 171: 57 
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c. Fy-progenies of backcrosses of heterozygous plants 


TABLE 4. SEGREGATION IN Fy-PROGENIES OF BACKCROSSES OF HETEROZYGOUS PLANTS 


F‚-progeny Not attacked Attacked | Fs-progeny Not attacked Attacked 
5619 1 0 SI 3 2 
5620 2, 1 570 2 1 
5622 2 0 5710 1 1 
5623 D 1 
5624 1 2 Total 6 4 
5625 0) 1 
5626 0 1 583 10 7 
5627 2 0 584 2 1 
5628 1 1 585 1 2 

586 2 1 
Total 11 7 
Total 15 11 
572 1 2 
573 0) 7) 
574 6 5 
Ss (0) 2) 
576 (0) 1 
Total 7 12 


In all, the F‚-progenies of backcrosses of heterozygous plants gave a segregation of 
39:34. 


d. F-progenies of backcrosses of resistant plants from Fy-progenies 


TABLE 5. SEGREGATION IN F,-PROGENIES OF BACKCROSSES OF RESISTANT PLANTS FROM F2-PROGENIES 


F‚-progeny Not attacked Attacked | F‚-progeny Not attacked Attacked 
561 0 2 578 2 2 
564 0 2 5711 0 1 
566 1 0 5712 1 0 
567 1 0 
568 2 (0) Total 3 3 
569 2 2 

5611 1 1 581 10 4 
5612 2 0) 582 25 11 
5613 2 1 = en 
5615 2 1 Total 35 15 
5617 1 0 

5618 2 1 

Total 16 10 


In all, the segregation in the F, of this type of crosses was 54:28. 
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e. Fy-families 
A small number of F,-families (progenies of resistant F‚-plants) was screened for 
resistance, with the following results (table 6). 


TABLE 6. SEGREGATION IN PROGENIES OF RESISTANT Fy-PLANTS 


F‚-family Not attacked Attacked | F‚-family Not attacked Attacked 
5661 1 0 56121 9 1 
5671 6 0 2 4 1 

—2 4 1 —3 0 2 

—3 3 2) 56151 6 (0) 

5681 3 | —2 2 1 

—2 3 (0) 56171 1 (0) 

5691 ) 1 56181 5 1 
56111 2 0 

Total 44 11 


f. Plant-selections in Fz and F‚- generations 


As outlined in section 2, the selection of promising plants started in 1958 in F3 and 
F,. Samples of five seeds of each plant-progeny were sown and seedlings inoculated, 
yielding the following results. 


TABLE 7. NUMBER OF RESISTANT ,„SEGREGATING AND SUSCEPTIBLE SELECTIONS IN F3- AND F4-GENERATIONS 


F,-progenies Res. Segr. Susc. | Fs-progenies Res. Segr. Susc. 
5619 — 2 2 567 6 2 — 
5620 2 — — 568 18 4 2 
5622 2) — 569 3 2 1 
5624 3 2 1 5611 4 4 
5627 l 1 — 5612 4 1 1 
5628 2 2 1 5617 — 2 — 

5618 2 — — 
Total 10 8 4 
Total 37 15 5 


5. DISCUSSION OF RESULTS 


The segregations, recorded in tables 3 and 4, strongly suggest that one dominant 
gene governs resistance to all four groups of races of the fungus. According to Dr. 
LAMPRECHT, whom the author consulted about this point, this is a hitherto unknown 
gene. He suggested the symbols Are and are for the dominant and recessive alleles 
respectively. The following explanation of the observed segregations, recorded in 
section 4, is therefore submitted. 

a. Cornell 49-242 may be symbolized by Are Are and all susceptible strains and 
varieties used in backcrossing by are are. F‚-plants of 541 and 542 are then Are are 
(table 2). 

b. Fy-progenies of heterozygous plants should segregate 3 resistant plants to 1 
susceptible. A 171:57 segregation was observed in all, which is exactly according to 
expectation (table 3). 


182 


RESISTANCE TO ANTHRACNOSE IN BEANS 


c. Backcrosses of heterozygous plants (Are are) with susceptible parents should 
segregate resistant and susceptible plants in an 1:1 proportion; 21 such crosses yielded 
a total of 39 resistant and 34 susceptible plants, which is in close agreement with 
expectation (table 4). 

d. After screening F-progenies for resistance, homozygous and heterozygous 
resistant plants should remain in an 1:2 proportion. When these plants were back- 
erossed with susceptible, homozygous recessive parents, the F,-offspring should 
sonsist of 2 heterozygous resistant plants to 1 recessive, susceptible. In 17 crosses of 
this type a total of 54:28 was recorded, which is in close agreement with the hypo- 
thesis (table 5). 

The crosses made on resistant F‚-plants in 1956 and 1957 and recorded in table 5, 
were harvested and selected separately. Thus, these F‚-progenies could be divided in 
non-segregating resistant and segregating ones which should occur, according to 
theory, in an 1:2 ratio. When the selection for resistance in the F‚-generation has been 
made thoroughly, no F‚-progenies with only susceptible plants should occur. Two 
such progenies (561 and 564) did occur, however. It is considered that these may have 
been segregating progenies, the 0:2 segregations deviating to the smallest possible 
extent from the theoretical 1:1. Thus, 5 out of 12 progenies of the 56-crosses gave 
resistant plants only whereas 7 progenies segregated. This should have been theo- 
retically 4:8. The same reasoning is applicable to the 57-crosses in table 5, where one 
did not and two did segregate. The number of plants per progeny is too small, how- 
ever, to permit a reliable classification. 

The crosses 581 and 582 are based on a number of resistant plants from each of the 
512 Fs- and 574 F‚-progenies. These crosses were pooled according to their derivation. 
A classification of non-segregating and segregating progenies is not possible. The total 
35:15 segregation in these two progenies is sufficiently close to the theoretical 2: 1 
ratio. 

e. When resistant plants from F,-progenies of heterozygous plants are selfed, it 
should be possible to classify the F,-families into homozygous dominant progenies 
(Are Are) and progenies segregating 3 resistant to 1 susceptible plants, in an 1:2 
proportion (see section 5d). Six non-segregating resistant and 9 segregating families 
are recorded in table 6, which should have been 5:10. The segregating families, 
including 5612-3 (see section Sd), gave a total of 25:11, which should have been 
27:9. In all, the observed segregation in these F,-families was 44:11, which should 
have been 46:9 (5: 1). 

f. The 5:1 segregating in F}, as obtained according to section Se, is in detail 3 Are 
Are:2 Are are:1 are are. Plant selections, made in these Fz-progenies, should reflect 
these ratios. According to a classification based on the reaction of five plants per 
selection, the ratio obtained was 10:8:4 (table 7), which is not far from 3:2:1. 

When seeds from the resistant plants of Fz-progenies (table 6) are grown as the 
Fy-generation, they should give 7 Are Are:2 Are are:l are are. This ratio closely 
approximates that of the Fy-selections, recorded in table 7. 

It is agreed, however, that a classification based on the reactions of only five plants 
cannot be considered very reliable, since some selections from the segregating group 
may be classified as homozygous for resistance. In practical plant breeding this is not 
à serious disadvantage, because all resistant and segregating selections are kept. After 
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further testing for yield, time of ripening, seed shape and colour, resistance to other 
diseases etc, further selections from the best selections will be made, in order to check 
resistance to anthracnose and halo blight. Ultimately, only strains homozygous for 
resistance to anthracnose and halo blight and other characteristics will be placed in 
official tests for admittance to the Descriptive List of Varieties of Field Crops. 
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SAMENVATTING 


Een kweekprogramma van bruine bonen op onvatbaarheid voor de vlekkenziekte, 
gebaseerd op een nieuwe erffactor 


Een tot nu toe onbekende dominante erffactor Are voor onvatbaarheid tegen 
Colletotrichum Lindemuthianum (vlekkenziekte) werd gevonden in de lijn Cornell 
49-242, een uit Venezuela afkomstige zwarte boon. De onvatbaarheid voor de 4 
hoofdgroepen van de physio’s van Colletotrichum Lindemuthianum blijkt te berusten 
op deze dominante erffactor. Hiervan werd gebruik gemaakt bij de veredeling van de 
bruine boon. Door een terugkruisingsprogramma met gekweekte rassen werd ma- 
teriaal verkregen dat de onvatbaarheid combineert met andere gunstige eigenschappen. 
Ongewenste koppelingen met andere erffactoren werden niet gevonden. 
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ABSTRACT 


Some local races of the potato root eelworm Heterodera rostochiensis W. show a 
high degree of reproduction in the roots of CPC 1673-offspring which had been pro- 
visionally found to be resistant. Therefore search has been made for new starting 
„material with protection against such races. 

The foregoing sub-races are being classified in race B; the populations which are 
not capable of reproduction in the roots of CPC 1673 are classified in race A. 

Varieties of the diploid species Solanum kurtzianum have been included in the in- 
vestigations. This species belongs to the series Tuberosa and has its habitat in North- 
Argentina. Its resistance is based on two dominant polymeric factors. The classification 
of seedlings of the crosses between Sol. kurtzianum and susceptible cultivated diploid 
species (Sol. goniocalyx and Sol. stenotomum) presents no difficulties because tran- 
sitional types as concerns cyst coverage are lacking. 

Examinations of the behaviour of a number (42) of B-provenances of the parasite 
have shown that 35% of them is able to attack the resistant kurtzianum-hybrids 
heavily. From this it can be concluded that the race B can be divided into two sub- 
races which provisionally are indicated as race B, and race Ba. 

No difficulties are encountered in including Sol. kurtzianum in the breeding work. 
Seeds of the first backcross generation are at our disposal. 

A potato variety harbouring the genes for resistance derived from CPC 1673 and 

_Sol. kurtzianum would be resistant against approx. 90% of all the strains of the para- 
site in the Netherlands. This condition of a combination of the two genes is necessary 
because it is still unknown whether Sol. kurtzianum is resistant against all A-popu- 
lations of the parasite. 


1. INTRODUCTION 


From investigations carried out in various countries of Western and Eastern Europe 
it has become apparent that the potato varieties with the potato sickness-resistance 
derived from the clone Sol. tuberosum subsp. andigena CPC 1673 give no protection 
against all the races of Heterodera rostochiensis, the causal organism. The fact that 
some populations of the eelworm are able to produce much offspring in the roots of 
these varieties is proof that there exist physiologic races of the eelworm. 

It has been the custom so far to indicate as race A those populations of the parasite 
which are not capable of reproduction in the roots of resistant CPC 1673-offspring; 
the populations that are indeed able to produce offspring are called race B. 
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It is highly probable that when other resistant material is included in the investi- 
gations it will appear that there are still more races. 

At present research workers and breeders are in search of other starting material 
which may offer protection against more races than the clone CPC 1673 does. It 
would be fortunate to find a resistance which would work against all biological races 
of the parasite. 

Some investigators work with the species Sol. vernei because till now no races of the 
parasite have been found that are able to attack some varieties of this species. How- 
ever, the disadvantage of Sol. vernei is that its resistance does not inherit according 
to a simple mechanism. After crossing with a susceptible variety a classification of the 
F,-seedlings in resistant and susceptible is difficult because transitional types occur. 
It is therefore difficult to find seedlings with the highest degree of resistance which 
should be taken as parent plant in the F, and in each of the following backcross 
progenies. 

The present writer has used Sol. kurtzianum (syn. Sol. macolae) in his breeding 
programme. This diploid species (2n — 24) belongs to the series Tuberosa and has its 
habitat in the North of Argentina. Seed was collected and sent to us by Dr. BRÜCHER, 
Mendoza, Argentina. In 1952 it had been found that the types we had at our disposal 
were resistant to a population of race A. In 1958 it was established that the resistance 
is inherited according to a simple Mendelian scheme and also that the resistance gives 
protection against some B-populations. 


2. MATERIAL AND METHODS 


Although in and after 1952 the clone CPC 1673 has been mainly used, yet Sol. 
kurtzianum has been involved in crossing work on a small scale while attempts have 
been made also to double the number of chromosomes of this species. Crosses with 
the diploid species Sol. goniocalyx and Sol. stenotomum were successful; these 
species also belong to the series Tuberosa. In addition some seed was obtained by 
crossing Sol. kurtzianum and varieties of Sol. tuberosum. 

Resistant seedlings of the foregoing crosses between diploid species were back- 
crossed to cultivated diploid species in order to produce seeds for the study of the 
inheritance of the resistance. 

In the experiments described below we used two methods of infection: 


1. The seedlings, after raising them in cyst-free soil, were transplanted into pots 
filled with naturally infested soil which had been thoroughly mixed. 

2. The seedlings or tubers were planted in pots filled with river sand; per pot 100 
cysts were mixed through the soil. 


The degree of attack was assessed in the following way: 

a. With the method under 1 by a visual appraisal of the number of cysts present 
on the surface roots of the pot ball. 

b. With the method under 2 by floating up the contents of the pot by means of a 
Fenwick-apparatus and then counting the cysts obtained in this way. These cysts then 
can be divided into a category which has been newly produced on the roots and a 
group which has served for infection. It is our experience that only about 80% of the 
infection-cysts were found back at the end of the experiment. 
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3. THE INHERITANCE OF THE RESISTANCE 


A number of seedlings of the above backcrosses were planted in pots filled with 
naturally infested soil, the cysts belonging to race A. After eight weeks the roots 
could be examined for cysts. The seedlings could be divided into two classes. 

1, no or fewer than five cysts on the roots, 
2. many cysts on the roots. 
There were no transitional stages. The data are presented in table 1. 


TABLE 1. SEGREGATION IN RESISTANT AND SUSCEPTIBLE SEEDLINGS IN CROSSES BETWEEN RESISTANT 
kurtzianum-OFFSPRING AND SUSCEPTIBLE DIPLOID SPECIES 


Numbers of | Theoretical 
Cross combinations Dae Be Ratio Ss Xx? P 
proposed 
res. | susc. | res. | susc. 
A. Crosses: 
resistant X susceptible 
and susceptible x re- 
sistant | 
6891) x X2)—14 20 26 23 23 heal Aabb 0.78 1.5 0.3 
695 x X-15 29 28 DS) 25 55 X 0.72 0.5 0.3 
X-16 x 308 22 24 23 23) se aabb 0.08 0.8 —0.7 
X-7 X 644 29 Dil 25 25 C 1.28 0.3 —0.2 
X-9 Xx 644 25 23 24 24 ke 0.08 0.8 —0.7 
X-13 X 644 Dil 22 24.5 „24:5 5: 0.51 | 0.5 0.3 
Total 145 144 | 144,5 | 144,5 | 1:1 < 0.01 0.98 
X-1 Xx 644 33 17 3755 ri ES 3 AaBb 2.16 0.2 0.1 
X-2 x 644 31 19 37m Merl: 205 5 ) 4.5 0.05-—0.02 
X-3 Xx 673 40 15 41 14 5 aabb 0.10 0.8 —0.7 
X-5 X 673 34 16 SSR NES El 1.33 0.3 —0.2 
X-8 x 644 43 7 ZES 2ES n 3) 0.1 —0.05 
X-11 XxX 644 37 11 36 12 5 0.12 0.8 —0.7 
X-12 Xx 644 38 12 SES DES) s/ 0.05 0.8 —0.7 
Sol. kurtzianum 
pl. 54 x 644 35 15 STe 285) si 0.67 0.5 —0.3 
Total 291 ONO 101 Dell 1.60 0.3 —0.2 
B. Crosses: 
resistant X resistant | 
X-3 X X-1 50 — 46.9 Sl led AaBb 334. | 0. 0:05 
X-11 X X-1 49 1 46.9 SN 5 De 185 0.3 —0.2 
X-12 x X-1 45 6 47.8 32 p AaBb 2.61 0.2 0.1 
Total 144 Tees ALATEON der Ae RSS 0.66 0.5 —0.3 


1 W.A.C.-numbers: all belong to the species Sol. goniocalyx (2n — 24); all are susceptible to the 


potato root eelworm. 
2) X: Sol. kurtzianum pl. 54 X 303, resistant seedlings; 303: Sol. goniocalyx. 
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The segregations observed can be explained on the assumption that the resistance 
is induced by two dominant genes. As in all seeds only two classes of attack could be 
distinguished it must be accepted that one gene already gives a very high degree of 
resistance; the presence of more genes does not enhance this resistance. The genes for 
resistance in Sol. kurtzianum therefore should be polymeric. 

lt should be pointed out here that only visual observations were made: on closer 
examination it may appear that there is all the same a difference in degree of resistance 
according as more or less resistance genes are present. Be this as it may, there is a 
great difference in cyst coverage between the susceptible and the resistant plants, 
apart from the number of genes that has brought about this resistance. 


4. RESISTANCE TO RACE B 


In 1958 it was demonstrated that kurtzianum-seedlings which were resistant to a 
definite provenance of race A also were resistant to three B-populations. However, 
this was no evidence for the value of this species for breeding resistant potato varieties. 
For that purpose one should know its behaviour towards a very large number of 
B-populations derived from different parts of distant areas. The Plant Protection 
Service at Wageningen was requested to bring such a collection together. The request 
was granted and the work has been carried out energetically under the supervision 
of Mr. J. Korr. Cysts of many isolated loci were collected and increased, both on 
resistant 1673-offspring and on susceptible varieties. The history of each population in 
this collection is known. On the basis of their behaviour towards resistant potato 
varieties it has been ascertained whether they are to be classified in race A or race B. 

Subsequently infection experiments have been carried out with a number of B- 
populations from this collection, applying the method mentioned under b. In the pots 
tubers of resistant kurtzianum-hybrids were planted. Per pot 100 cysts of one pro- 
venance each were added. In total 42 different B-populations were examined, 26 
singles, 6 in duplicate, 5 in triplicate and 5 quadruples. 

After the growing period the contents of the pots were floated up with the aid of a 
Fenwick-apparatus and the numbers of cysts were counted. Of 42 B-populations 15 
were able to produce a large offspring in the roots of the resistant kurtzianum-hybrids. 

From the experiment it follows that on the basis of Sol. kurtzianum the race B can 
be subdivided again into two sub-classes which provisionally will be called race B, and 
B, respectively (table 2). 


TABLE 2. PHYSIOLOGIC RACES OF THE POTATO ROOT EELWORM CLASSIFIED 
ON THE BASIS OF THE TWO RESISTANT SPECIES Sol. tuberosum 
SUBSP. andigena CPC 1673 AND Sol. kurtzianum 


j Race 
Species 
NEN 
Sol. tuberosum + in zi 
Sol. tuberosum subsp. andigena -— -E - 
Sol. kurtzianum (SS) En, si 
+: multiplication of the parasite. —: no multiplication of the parasite. 
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In this stage of the research not enough tubers were available to ascertain whether 
the race A also on the basis of the resistant kurtzianum-clones could be divided in 
more than one sub-race. Therefore the (—) sign has been placed for Sol. kurtzianum and 
race A. 


5. INTRODUCTION OF Sol. kurtzianum INTO THE BREEDING WORK 


The introduction of Sol. kurtzianum into the breeding programme did not present 
any special difficulties. When crossing resistant diploid plants of this species with 
tetraploid plants of cultivated varieties only a few berries were formed with only very 
few seeds per berry. The plants that were raised from these seeds could be crossed with 
cultivated varieties without any difficulty. Presumably the F‚-hybrids were no tri- 
ploids but tetraploids. In addition seed derived from crosses between diploid parents 
was treated with colchicine. 

Part of the plants that showed response, after crossing with pollen of tetraploid 
varieties gave many seeds per berry. 

_No data are known so far on the agricultural value of the F, and the first backcross 
generation of this species with Sol. tuberosum. 


6. DISCUSSION 


From the foregoing experiments it can be concluded that there are more than two 
physiologic races of the potato root eelworm. 

It seems probable that as more resistant species are included in the investigations, 
more races will be found. 

The presence of physiologic races makes it difficult for breeders to develop new 
varieties with an overall resistance against the potato root eelworm. New resistant 
forms of the potato have to be tested first on their behaviour towards a large number 
of populations of the parasite. Not until it has been demonstrated that the new form is 
not attacked or only by a few populations of the parasite is it justified to include the 
new resistant species in the breeding work. 

Sol. kurtzianum can now be considered to give about the same protection against 
the race B as Sol. tuberosum subsp. andigena CPC/1673 against the potato root eel- 
worm in general. A breeding product harbouring the gene H of CPC 1673 and a gene 
for resistance of Sol. kurtzianum, roughly stated and for conditions prevailing in the 
Netherlands, can give protection against some 90% of all the cyst populations tested. 
Provisionally this percentage only holds for a variety combining the two genes since 
it is not yet known whether Sol. kurtzianum is resistant against all populations of the 
race A. 

In view of the simple mechanism of inheritance of the resistance, the easy classi- 
fication of the F‚-seedlings in resistant and susceptible and the high degree of pro- 
tection which Sol. kurtzianum gives against race B of the potato root eelworm, it 
seems as if this species is going to become an important accession in our combat 
against the parasite. 
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Enige gegevens over de resistentie tegen het aardappelcystenaaltje (Heterodera 
rostochiensis W.) in Solanum kurtzianum 


Er is vastgesteld, dat er physiologische rassen van het aardappelcystenaaltje voor- 
komen, welke zich sterk kunnen vermeerderen in de wortels van resistente CPC 1673- 
nakomelingen. Gezocht wordt daarom naar nieuw uitgangsmateriaal voor de aard- 
appelveredeling, dat bescherming geeft tegen deze physio’s. 

Bovengenoemde vormen van het aaltje rekent men tot het physio B; tot het physio 
A al die herkomsten, welke zich niet in de wortels van CPC 1673 kunnen vermeerderen. 

In het onderzoek zijn o.a. betrokken variëteiten van de diploide soort Sol. kurt- 
zianum (syn: Sol. macolae). Deze soort behoort tot de serie Tuberosa en komt voor in 
Noord-Argentinië. 

De resistentie berust op twee dominante polymere faktoren. De klassifikatie van 
zaailingen van kruisingen van Sol. kurtzianum met vatbare diploide gekweekte soorten 
(Sol. goniocalyx en Sol. stenotomum) biedt geen moeilijkheden, omdat overgangs- 
typen naar cystenbezetting ontbreken. 

Een onderzoek naar het gedrag van een aantal B-herkomsten van de parasiet (42) 
leerde, dat 35% daarvan de resistente kurtzianum-hybriden sterk kunnen aantasten. 
Hiermede is aangetoond, dat het physio B weer te splitsen is in twee physio’s, voor- 
lopig B, en B, genoemd. 

Bij het betrekken van Sol. kurtzianum in het veredelingswerk werden geen moeilijk- 
heden ondervonden. Er wordt beschikt over zaden van de eerste terugkruisingsgene- 
ratie. 

Een aardappelras, dat in zich verenigt de genen voor resistentie af komstig van 
CPC 1673 en Sol. kurtzianum, zou in Nederland resistent zijn tegen ongeveer 90 % 
van alle herkomsten van de parasiet. Het voorbehoud van de combinatie van de twee 
genen moet worden gemaakt, omdat nog niet bekend is of So/. kurtzianum resistent is 
tegen alle A-herkomsten. 
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ABSTRACT 


FAO through all its Member Countries launched the World 


Seed Campaign to increase the production of first class seed of 
superior varieties and to promote its widespread use by educa- 
tion, demonstration, publicity and other means. 

The author gives a survey of the national and international 
activities in this field. The peak of all these efforts will be the 
World Seed Year 1961. 


We. 


WORLD SEED 
CAMPAIGN 


INTRODUCTION 


nn In selecting better seed of improved varieties as the topic for 


a concerted action in all Member Countries, FAO has focussed 
attention on one of the cheapest and most promising means to increase and improve 
crop production. In the less-advanced countries an accelerated food production is 
very urgent since hundreds of millions of people are still hungry and underfed 
throughout their lives. In spite of the technical achievements of our Atomic Age the 
attainment of reasonable levels of nutrition for the entire world population seems 
to be a distant, if not a receding, prospect. This problem is becoming even more 
urgent if one realizes that the world population is constantly growing at the rate of 
50 million people a year and is expected to be doubled by the end of the century. 

FAO has answered this tremendous challenge in the belief that the farmers of the 
world could provide sufficient food for everybody if they were better able to exploit 
the natural resources and if they could make full use of modern facilities and methods. 
It is true that the application of fertilizers, agricultural machinery or irrigation sche- 
mes, have often brought rapid progress in agriculture, but such improvements cost a 
great deal of money and generally require a high degree of education. Better seed 
of improved varieties can be used by every farmer in the world however diverse his 
circumstances may be because it does not call for considerable capital investment 
and no radical changes of local production patterns are involved. Furthermore, the 
farmer can easily be made aware of the potential benefits of the use of better seed since 
seeds after all are the natural basis of all erop production. 

The widespread use of first-class seed of superior crop and tree varieties is of equal 
importance in the well-developed countries, where the competitive position of agri- 
culture in comparison with the rapid development of industry must be strengthened, 
not only by increasing the efficiency and by lowering production costs, but also by 


improving the quality of the final product. 
For all these reasons, the FAO Conference in 1957 launched the World Seed 
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Campaign, aiming at bringing to the attention of all agricultural producers the value 
of high-quality seed and promoting its extensive use by education, demonstration, 
publicity and all other possible means. The project will reach its culmination in 1961 
which was officially designated by the last FAO Conference as the “World Seed Year”. 


NATIONAL ACTIVITIES 


At present, 66 Member Governments and 9 dependent territories have decided to 
participate in and contribute actively to the World Seed Campaign, either through 
newly-established National Seed Campaign Committees (53), existing national in- 
stitutions competent in this field (7) or through their National FAO Committees (15). 
The Governments which have not yet responded to the Director-General’s invitation 
to join the Campaign have urgently been requested to take an early decision regarding 
their possible participation. 

National Seed Campaign Committees and other responsible agencies are working 
out effective programs, according to the needs and facilities in their countries, covering 
items such as: introduction of improved varieties; intensification of plant breeding 
and varietal research; multiplication of high-quality stock-seed; establishment of seed 
certification schemes; improvement of seed testing facilities, organization of seed 
distribution and trade; and the adoption of seed acts, rules and regulations. Equal 
attention is given to education, extension and publicity in order to ensure that the 
results of all these activities will reach the farmer. 


INTER-GOVERNMENTAL AID 


The World Seed Campaign provides an excellent opportunity for Member Govern- 
ments of more privileged countries to make available their accumulated knowledge 
and experience to less-advanced regions in the world. Several Governments have 
already offered training facilities to countries where more qualified personnel is 
urgently needed for the development of their own seed campaign programs. Canada, 
for instance, arranged a three-month course on Seed Improvement last summer for 
11 trainees from 8 Colombo Plan countries; if there is sufficient interest this course will 
probably be repeated in 1960. This year Sweden is holding a seven-month Training 
Centre on Genetics and Plant Breeding for a maximum of 15 selected scholars re-_ 
cruited from the Near and Middle East countries, including India, Pakistan and 
Ceylon. During the FAO Conference in November last year several other countries, 
such as Australia and the Netherlands announced that they are also considering 
offering similar training facilities and fellowships, each in their own particular fields, 
either through the UN Expanded Technical Assistance Program (ETAP), the Co- 
lombo Plan or as direct inter-governmental aid. Such assistance is considered to be 
among the most constructive means for promoting the aims of the Campaign in the ; 
less-developed countries. 

FAO also welcomes the support given by many Member Governments in respect / 
of the provision of technical and educational equipment, audio-visual aids, technical : 
publications and publicity material, which contributions are distributed either : 
directly to the recipient countries or through FAO 
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COOPERATION WITH OTHER ORGANIZATIONS 


Many international, regional and national organizations and agencies — both 
governmental and non-governmental — are also contributing to the Campaign. The 
assistance and support of these organizations, even when they are not directly con- 
cerned with the special topics involved, is felt to be of great help to Governments in 
their efforts to make their own national campaigns a success. For example, the Con- 
sultative Assembly of the Council of Europe has recently adopted a recommendation, 
requesting the Committee of Ministers to report to the next Session of the Assembly 
whether, and by what means, concerted action could be taken by Member Govern- 
ments of the Council, possibly in conjunction with their program for economic co- 
operation between European and African countries. The 11th General Assembly of 
the International Association of Horticultural Producers recommended that their 
national sections should cooperate with the National Seed Campaign Committees in 
their respective countries and to find out what kind of action the Association as a 
whole might take during the “World Seed Year”. 

Several organizations have offered assistance both in terms of materials and the 
collection of information. For example, the Organization for European Economic 
Cooperation (OEEC) has provided copies of various publications which give infor- 
mation on the production, control and distribution of high-quality seed in European 
countries. The International Seed Testing Association (ISTA) is considering establish- 
ing a panel of international seed experts who would be ready, if required, to visit 
countries for giving advice on seed testing methods and related matters. The U.S. 
International Cooperation Administration (ICA) has organized in 1959, and is plan- 
ning to arrange in 1960 and 1961 a series of training courses and seminars of varying 
duration on seed improvement and related subjects in the Near East, Far East and 
Latin America. Negotiations with UNESCO indicate that it might be possible to 
initiate as a special contribution to the World Seed Campaign, a joint UNESCO/FAO 
Gift Coupon Project, designed to supply selected committees with materials, such as 
technical equipment for seed threshing, cleaning, testing and similar operations, 
educational material for extension work and small quantities of high-quality seed of 
improved and well-adapted crop and tree varieties. This project will be publicized 
in due course in all UNESCO donor countries in order to raise funds for this action 
through the purchase of gift coupons. It would be greatly appreciated if other 
organizations interested in agricultural, horticultural and forest development and 
improvement, would also take an active part in the Campaign. 


FAO CONTRIBUTIONS 


FAO’s main role in the Campaign is to stimulate national efforts, to maintain liaison 
between interested groups, to distribute information, to give technical advice and to 
provide background information for further publicity. Apart from the guidance and 
assistance which FAO Headquarters is providing to Member Governments, the Natio- 
nal FAO Committees and the FAO Regional and Country Representatives are also 
helping national authorities in developing their seed campaign programs. The Cam- 
paign is receiving further attention at all the relevant FAO meetings, including the 
forthcoming four Regional Conferences to be held this year. 
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In order to disseminate current information concerning the Campaign, FAO 
publishes at regular intervals a liaison bulletin in English, French and Spanish. This 
FAO “World Seed Campaign News” has been well received and will be issued through- 
out 1960 and 1961 in order to keep all interested parties informed of future develop- 
ments of the Campaign. In forthcoming issues all kinds of special contributions, 
offered by governments and organizations will be announced, together with relevant 
information regarding distribution arrangements. Names and addresses of appointed 
Liaison Officers are published regularly in order to enable National Seed Campaign 
Committees to get in direct contact with each other. 

An important contribution of FAO in the technical field will be the publication of a 
special study on “Agricultural and Horticultural Seeds’, most likely to be issued in 
the course of 1961 in the three official languages of the Organization. 

The Forestry and Forest Products Division in FAO will also prepare special studies 
dealing with subjects, such as tree seed improvement, tree seed nurseries and equip- 
ment for handling tree seed. They are also planning the publication of a World Seed 
Year edition of the FAO “Forest Seed Directory”. 

Finally, the Tenth Session of the FAO Conference in November last year formally 
designated 1961 as the “World Seed Year”. Although it is hoped that technical 
activities relating to seed improvement will reach a climax in the “World Seed Year”, 
it is obvious that the whole program is of a long-term nature and should be continued 
and intensified beyond the relatively short period of the Campaign. Therefore, the last 
Conference considered how the Campaign could be followed up by continuous action, 
particularly in those countries and regions which are not able to accomplish sub- 
stantial achievements without considerable guidance and assistance in the future. 
Since the Campaign has the ultimate objective of increasing and improving food 
production, especially where malnutrition and hunger are problems of first priority, 
the Conference emphasized that the activities initiated under this Campaign should 
continue as an integral part of the Freedom-from-Hunger Campaign proposed by 
the Director-General of FAO. 


PUBLICITY DRIVE 


Since in the majority of the Member Countries the preparations for technical activi- 
ties are well under way now, the time has come to start a general publicity drive for the 
Campaign in order to make first of all the agricultural producers, and secondly the 
broader world public, more aware of the aims and background of this concerted 
action and to build up a better understanding of its potential benefits. 

For this reason, FAO has recently issued, in the three official languages of the 
Organization, a printed and illustrated folder, explaining way the Campaign has been 
launched, HOw to make it work, and wHAT can be done! This pamphlet has been sent 
primarily to the National Seed Campaign Committees for further distribution to 
press-, radio-, TV-agencies and all other publicity media, and further to participating 
international and regional organizations, and agencies, both governmental and non- 
governmental. A limited number of copies of this folder will also be available on 
request for distribution at international, regional and national agricultural fairs, 
conferences, meetings, demonstrations and all other events where interest in the 
Campaign can be stimulated. 
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Fi. 2. CUTTACK, INDIA — RICE IS THE BASIC FOOD OF MORE THAN HALF OF THE WORLD'S PEOPLE. THE 
Foop AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS (FAO) BELIEVES THAT 
APPLIED MODERN SCIENCE AND TECHNOLOGY CAN MAKE IMPROVED LIVING STANDARDS POSSIBLE 
FOR RICE EATING PEOPLE, AND THAT IT SHOULD BE POSSIBLE TO PRODUCE UP TO FIFTY PER CENT. 
MORE RICE FROM AREAS ALREADY UNDER CULTIVATION. A SPECIAL ACTIVITY IS THE RICE HY- 
BRIDISATION PROJECT, BEING CARRIED OUT IN COOPERATION WITH THE INDIAN AND OTHER 


ASIAN GOVERNMENTS AT CUTTACK 


Fis. 3. 


VDE TONG 


LrBya, 1954 — OATS ARE NOT WIDELY GROWN IN LIBYA AT THE MOMENT, BUT A FEW YEARS AGO 
A LARGER ACREAGE WAS CULTIVATED. THIS MAY BE DUE IN PART TO THE POOR VARIETY AT 
PRESENT BEING GROWN, WHICH EXPERIMENTS INDICATE TO BE HIGHLY SUSCEPTIBLE TO DISEASE 
UNDER IRRIGATION, AND TO DROUGHT IN DRY FARMING AREAS. IN THE LATTER CASE EARLY 
MATURITY IS OF PRIME IMPORTANCE AND THE NEW VARIETY PALESTINE, HERE SHOWN UNDER 
OBSERVATION AT SIDI MOSRI, RIPENS NEARLY FIVE WEEKS EARLIER THAN THE LOCAL OAT, AND 
EVEN EARLIER THAN BARLEY 


FAO WORLD SEED CAMPAIGN 
__CONCLUSION 

The response to the Campaign has so far been most encouraging, but still a great 
deal has to be done in order to make this undertaking a success. Maximum efforts are 
needed from all Member Governments and all kinds of organizations, whether directly 
or indirectly associated with the Campaign, must fully cooperate, supported by an 
informed world public. However, the role which the plant breeder has to play is of 
paramount importance because the availability of superior crop and tree varieties is 
a sine qua non for an effective and successful production of high-quality seed. Only 
through crop improvement in its broadest sense, is it possible to meet the ever- 
increasing demand for varieties with higher yielding capacity, better quality and re- 
sistance against pests and diseases. Only through the cooperation and endeavour of 
the plant breeder throughout the world can a favourable atmosphere be created and 
ensured for greater and better food production during and after the World Seed Cam- 
paign. 


SAMENVATTING 


De FAO Wereldzaaizaadcampagne 


De FAO heeft het initiatief genomen tot de Wereldzaaizaadcampagne teneinde de 
productie van le klas zaaizaad en pootgoed te bevorderen door onderwijs, demon- 
stratie, publiciteit en andere middelen. 

Schrijver geeft een overzicht van de nationale en internationale activiteiten op dit 
gebied. Het hoogtepunt van deze propaganda zal het Wereldzaaizaadjaar 1961 zijn. 
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ABSTRACT 


For the production of a large number of triploids in beet breeding it is desirable to 
use some 20% diploids and 80% tetraploids in mixtures. The writer illustrates his 
article with two graphs. 


EFFICIENT PRODUCTION OF TRIPLOIDS IN SUGAR BEET 


By using male sterile components in the seed production of sugar beets it is possible 
to obtain nearly 100% triploids (1). Triploids mostly have a much better quality than 
diploids and tetraploids. 

However, so long the breeder has not the disposal of reliable male sterile or O-type 
strains of each commercial variety, it is of great importance to know the best ratio of 
diploids: tetraploids in elite seed. A ratio of 1 : 3 is often used; it means that 25 % of 
the elite seed is diploid, and 75 % is tetraploid. 

The percentage of triploids depends not only on the biotype and environmental 
conditions, but also to some degree on the lay-out of the seed field. This makes the 
overall picture rather complicated. 

Therefore there are no statistical data in this report, but only a graphical representa- 
tion. In the second graph also data collected by L. Spiss (2) are included. 

As cross-pollination of the tetraploid strains with haploid pollen is very easy and 
diploid strains are pollinated with diploid pollen on a small scale only, it can be eXx- 
pected that the percentage of diploid, tetraploid and triploid plants in the F, will be as 


presented in fig. 1. zoo Percentage 
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EFFICIENT PRODUCTION OF TRIPLOIDS IN SUGAR BEET 


The percentage of triploids can be estimated as difference of 100% -—(% of 2n + %s 
of An). The breeder tries to obtain the result marked by dotted line and is interested in 
the value of X, that is the percentage of diploid seeds in the elite (before crossing). 

At the breeding station Rogow Opolski (Wielkopolska Hodowla Nasion) we are 
already working with trial plots of beet strains mixed in different ratios of diploids and 
tetraploids. After harvesting the seeds are analyzed cytologically. 

The results are presented below: - 


TABLE |. EXPERIMENTAL RESULTS OF CROSSES BETWEEN TETRAPLOIDS AND DIPLOIDS IN DIFFERENT RATIOS 
(THE PERCENTAGES BETWEEN BRACKETS) 


EF 
Number | Ratio of diploid: tetraploid 8 
of the Q2n Q4n 
plots 
diploid tetraploid 2n 3n 3n An 
1 11 44 30(12) 20(8) 93(66) 19(14) 
2 11 44 48(15) 17(5) 99 (70) 14(10) 
4) 11 | 44 33(14) 15(6) 104(75) 7(5) 
4 {ly 44 25(13) 13(7) 100 (74) 8(6) 
5 25 40 139 (34) 15(4) 142(58) 9(4) 
6 25 40 103(28) 35(10) 99 (59) 5(3) 
7 25 40 88 (34) 12(4) 105 (58) 7(4) 
8 25 40 154(34) 18(4) 107(52) 20(10) 
9 40 40 | __116(45) 14(5) 134(47) 9(3) 
10 40 40 84 (44) 11(6) 147(45) 17(5) 
11 40 40 89(44) 13(6) 143 (47) 9(3) 
12 45 45 80(43) 12(7) |__ 126(45) 14(5) 
13 | 4 32 59(8) 27(3) 86 (69) 25 (20) 


The data obtained after calculations are shown graphically, together with the results 
obtained by Serss (fig. 2). The graph does not represent the average values but all the 
data obtained. The results of Sprss are indicated in circles, lines and crosses, horizont- 
ally, those obtained at Rogow Opolski are given in solid. 

The graph confirms the theoretical curves and the suggestion that the percentage of 
crossing is also dependent on the size of the plots. In very small plots as used by Spiss 
less triploid seed is obtained, probably as a result of lack of haploid pollen. 


Our results have only an approximate value so that we can only suggest that under 
normal conditions the percentage of the diploid component may perhaps amount to 
less than 25%, even until 10%, especially when the tetraploid component has at least 


the same production capacity as the diploid. 


SAMENVATTING 


Een efficiente methode voor het verkrijgen van triploiden bij suikerbieten 


Voor het verkrijgen van een zo groot mogelijk aantal triploide bieten is het gewenst 
+ 20% diploiden en + 80% tetraploiden in mengsels voor zaadteelt te gebruiken. 
Schrijver illustreert dit met twee grafieken. 
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Fi. 2. PERCENTAGE OF 2n, 3n AND 4n IN THE F,, DEPENDENT ON THE PERCENTAGE OF DIPLOIDS IN THE 
ELITE STRAINS 
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ABSTRACT 


Some factors are mentioned which have an influence on the fraction of triploids in 
polyploid beet varieties, viz. 


„ the initial proportion of the parents (2n and 4n) 

. the way of harvesting of the seeds: from one of the parents or from both 
„ male sterility 

„ differential selection between the two types of pollen (n and 2n) 

„ differential incompatibility and vitality 

„ arrangement of the plants. 
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THE FRACTION OF TRIPLOIDS IN POLYPLOID BEET VARIETIES 


Triploid beets cannot be reproduced as such. They have to be produced by crossing 
diploid x tetraploid plants. The cross probably introduces a heterosis effect, to which 
the triploids may in part owe their reputation. 

Unlike the procedure followed in maize, emasculation is impracticable. Therefore 
other means are needed to obtain a maximum fraction of triploids in the offspring. 

In order to arrive at an evaluation of the various breeding methods used, one can 
consider a simple model which is gradually extended with complicating factors. 

Let us assume a group of plants practising random mating, i.e. mating without 
preference with respect to the characters in discussion. Let us further assume the po- 
pulation to show no differential fertility or vitality, i.e. no differential selection at 
gametic or zygotic level. 

Then the assemblages of male and female gametes will each consist of two types: n 
and 2n, in relative frequencies directly proportional to the frequencies of the parental 
types: 2n and 4n. 

If we call these relative frequencies p and q (o<pS<l,p+gq=l) random com- 
bination of the gametes will give the following result: 


Q Q 
| 2 | Pp q 
n 2n 3n gak | p* _pq 
8 on 3n _4n AO RD 


zygotic types in relative frequencies 
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The expected composition of the offspring in relation to the composition of the 
parental generation under these conditions is presented in figures l and 2. It is seen 
that the triploid fraction cannot exceed 50 %. 

The effective proportion of the parental types should be understood in terms of 
gamete production, which may deviate from the proportion in terms of initial seed 
weight or plant number. As long as male and female gametes are not differentially 
affected the principle given above is valid. 
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Fig. 1. LEFT: COMPOSITION OF THE OFFSPRING IN RELATION TO THE FRACTION OF DIPLOIDS IN THE PA- 
RENTAL GENERATION 
RIGHT : FRACTION OF DI-, TRI- AND TETRAPLOIDS IN THE OFFSPRING IN RELATION TO THE FRACTION 
OF DIPLOIDS IN THE PARENTAL GENERATION 


In practice, however, the male and female gamete assemblages often have a diver- 
gent composition as a result of both natural causes and special breeding techniques. 

As far as the female gametes are concerned the most drastic shift is brought about 
when the seeds are harvested on one of the parents mainly or only. In this way the rela- 
tive frequencies of the n and 2n types within the female gamete assemblage may be 
varied at will. 

If for instance the parents are represented in a proportion 75 % diploids and 25 % 
tetraploids, and if the seeds of the tetraploids only are harvested, the offspring will be 
expected to consist of 75 % triploids and 25 % tetraploids. Consequently the 50 % limit 
can be surpassed, but the gain in quality is achieved by a loss in quantity. 

In figure 1 (left) the diagonal separates the two portions that are produced on the 
two parents. An arbitrary part of each of these may be harvested. 

The conclusion is now already warranted that any composition of the offspring is 
rendered possible by variation of the proportion of the parents and the fraction har- 
vested. 


As regards the male gamete assemblage two factors are worth mentioning, viz. male 
sterility and selection among the pollen. 
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In some varieties male sterility has been introduced in the genetic make up of one of 
the parents. As a rule the diploid parent will be preferred, because it is the least difficult 
one to handle genetically, though it is to be regretted that in this way the natural 
difference in fertility between the diploids and the tetraploids is not exploited. 

The crop produced by male sterile diploid and fertile tetraploid plants will consist of 
100% triploids if only the seeds of the diploids are harvested and indeed only haploid 
female gametes occur. The complete crop contains a 3n and a 4n fraction in a propor- 
tion equal to that of the initial 2n and 4n plants. 

The use of male sterility has the advantage that a large fraction of one type of parent 
can be grown to produce seed while still a favourable composition of the male gamete 
pool can be maintained. On the other hand the complicated breeding scheme means a 
heavy burden for the plant breeder. This is especially true since one gets involved in a 
continuous battle against the natural selection that immediately favours fertile indivi- 
duals that may accidentally be present among the male sterile population. 


In many varieties both types of parents are male fertile. This does however not imply 
that the two types of pollen produced by these parents participate proportionally in the 
fertilization. It is a general experience that the diploid pollen is less effective than the 
haploid pollen. 

Detailed experiments are necessary to estimate the selection intensity for a given 
variety under a given set of circumstances. 

The situation would be rather simple if the contribution of each tetraploid individual 
to the effective male gamete pool would be a certain fraction of the contribution. of 
each diploid individual and if this fraction would remain constant along the whole 
range of initial plant proportions. 


u p 
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p= the relative frequency of haploid gametes in the @ gamete pool 
nd 5 a dipleid 5, ral ar Ee 
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ec — the constant selection factor. 


Random combination of these gametes would give 
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zygotic types in relative frequencies 


In most competition phenomena, however, the selective advantage of one type over 
the other varies with the proportion of the two. The experimental estimation of the 
selection coefficient must therefore cover a wide range of initial plant proportions. 
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The next problem to be investigated is the influence of differential compatibility and 
vitality on the composition of the offspring. Especially if the parents are more or less 
inbred some surplus in hybrid triploids is to be expected. If the seeds harvested on both 
types of parents are analysed separately the composition of the two samples may be 
compared. 

The deviation from the expected random combination may be expressed in a para- 
meter « as follows 


2 2 
| 
| tier 1 2 | p q 
n 20 JA 4 u pu—e quU+e 
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zygotic types in relative frequencies 


It is our preliminary impression that as a rule c is relatively small. As is easily under- 
stood e is also effected by the arrangement of the plants. 

From the foregoing it can be concluded that the composition of the triploid beet 
varieties is a function of both inherent varietal characters and reproduction methods. 

The breeder may deliberately change the composition within relatively wide limits, 
particularly by variation of the parental composition and the fraction harvested. 

The existence of a strong selective effect between the haploid and the diploid pollen 
makes polyploidy a useful tool in the production of a predominantly hybrid crop. 


SAMENVATTING 


Het aandeel der triploïden in polyploide bietenrassen 


Enkele factoren worden besproken, die van invloed zijn op het aandeel der tri- 
ploïden in polyploide bietenrassen, te weten 


. de verhouding, waarin de ouders (2n en 4n) voorkomen. 

„ de wijze van oogsten van het zaad: uitsluitend van een der ouders of van beide 
„ mannelijke steriliteit 

„ selectieverschillen tussen de twee typen pollen (n en 2n) 

„ differentiële incompatibiliteit en vitaliteit 

„ ruimtelijke rangschikking van de planten. 
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ABSTRACT 


1. In a number of variety trials with white cabbage observations on the occurrence 
of tipburn were made. The various varieties showed different degrees of susceptibility. 
Of the Dutch autumn varieties, Succes and Glory of Enkhuizen were little suscepti- 
ble, whereas Langedijker Autumn White was highly susceptible. Between the strains 
of the latter variety there were clear differences in this respect. 

2. The phenomenon of tipburn may be associated with the water regime of the 
plant. However, there was no correlation between the amount of wrapper leaves (as 
a measure of the size of the surface of transpiration) and the degree of tipburn. 

3. The observed differences in the amounts of tipburn are correlated with different 
growth rates. Presumably growth has been rapid, and the resulting weak tissue may 
constitute an important factor of susceptibility. 

4, Some consequencies for the breeding for resistance to tipburn are discussed. 


INTRODUCTION 


In the Netherlands a large acreage is annually cropped to white cabbage, in 1958 
for instance 1,483 ha. A large part of the crop is harvested in autumn and worked up 
into sauerkraut. The varieties used for this purpose, in order of earliness, are Glory of 
Enkhuizen, Langedijker Autumn White and Succes (figs. 3, 4 and 5). All three have 
been found to show tipburn, ‘which renders them less valuable for the market and 
notably the production of sauerkraut. 

Heads with tipburn are not distinct in outward appearance from healthy heads, but 
if they are cut through it will be seen that their sections are marked with brownish 
flecks or stripes (fig. 1), which may be fairly small and hardly noticeable or a few cm 
large and very conspicuous. As a rule, these flecks and stripes are scattered throughout 
the head but do not occur close to the growing point. After peeling off the leaves it 
will often be seen that only one or two of them are affected. 

The discoloration seems to start from the leaf-margin, which becomes very thin and 
almost translucent. The affected area turns a greyish-brown and subsequently assu- 
mes a more dark brown to black-brown colour. From the leaf-margin the discolora- 
tion extends over a greater or smaller part of the leaf (fig. 2). 

The quality of sauerkraut made from heads with tipburn is far below average, o- 
wing to the brown and black pieces of leaf which give the product an unattractive 
appearance. Heads with much tipburn are unsuitable for the production of sauerkraut 
and usually not fit for the fresh market either. Tipburn is so prevalent, however, that 
one often has to be satisfied with cabbage that carries a fairly high degree of tipburn. 
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For sauerkraut production the heads, after being cut‚ should be cleared of affected 
leaves before they are worked up. It is, however, hardly feasible to remove all of 
the affected leaves. 

Little is so far known about the causes of tipburn. Presumably the phenomenon 
is of a physiological nature (5). Some varieties are more susceptible than others, and 
practical experience has shown that the phenomenon does not always and everywhere 
occur to the same extent. This indicates that the environment also has an effect. 

At the Institute of Horticultural Plant Breeding in Wageningen observations have 
been made on the occurrence of tipburn in a number of variety trials undertaken since 
1952. They are reported in the present paper. 


MATERIAL AND METHODS 


Most of the variety trials were laid down on river clay at Elst. As usual, planting 
was done in May, while harvesting took place from August till the end of October. 

These variety trials were not specially designed for this purpose but formed part of 
the commercial trials with cabbage held in 1952 and 1953(8). In a trial made in 1955 
with various domestic and foreign varieties the heads were also tested for tipburn. 

For the observation of tipburn the heads were usually cut lengthwise into two equal 
halves. Hence some of the heads that were only slightly affected by tipburn may have 
been judged as healthy. The differences found were tested on binomial probability 
paper (2), the 5 per cent. level being used as a criterion of significance. 


REsuLTs 


Most cabbage varieties are subject to tipburn. Of the 36 strains of various varieties 
tested in 1955 only four showed no tipburn, viz. one strain of the Dutch variety Succes 
and three strains of the foreign varieties Brunner Diamant, Glückstädter Dauer Weis- 
kohl and Wädenswiller Einschneide. The highest percentage of tipburn, 81%, was 
found in a strain of Langedijker Autumn White. So there are clear varietal differen- 
ces. 

In the commercial trials held in 1952 and 1953 Succes showed significantly less 
tipburn than Glory of Enkhuizen, while the latter variety was significantly less affected 
than Langedijker Autumn White. Differences also occurred between the strains 
within a variety, and were significant in the strains of Langedijker Autumn White. 
Table 1 shows, in addition to the varietal averages of 3 strains of each of these 3 
varieties, the percentage of heads with tipburn. In most cases the results of 1952 and 
1953 closely agree, as did those obtained at Elst and Berkhout. 


DISCUSSION 


It is only recently that attention has been paid to the phenomenon of tipburn. The 
first paper on this subject was written by SHAFER and SAYRE in the U.S.A, in 1946 (10). 
These workers indicated the phenomenon by the term “internal breakdown.” In 
their trials manuring with N promoted the occurrence of tipburn, whereas manuring 
with P, K‚ Mg, Mn, Cu or Bo had no effect. In the Netherlands manurial trials with 
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TABLE 1. PERCENTAGE OF HEADS WITH TIPBURN IN GLORY OF ENKHUIZEN, LANGEDIJKER AUTUMN 
WHITE AND SUCCES. 


Elst Berkhout 
Variety Nr. of strains 
1952 1953 1953 
Glory of Enkhuizen 8 s 6 7 
Langedijker Autumn White zl 23 28 18 
Succes 4 1 2 1 
Strain no. 
Glory of Enkhuizen 35 — 1) de 
41 — 9 5 
43 — 8 20 
Langedijker Autumn White 5 30 18 16 
55 13— 10— 4 
58 44 45 + HOE 
Succes 65 1- 2- 0— 
66 1- Dn 2- 
67 3 2- 0— 


1) A -sign indicates that the percentage of heads with tipburn is significantly below the average, 
a +sign that it is significantly above average. 


K, Mg, Mn, Zu, Cu, Bo, Mo and Fe did not yield any results either (3, 5, 6). In one 
case only N seems to have had an effect (7). In their communication issued in 1957 
WALKER and EDGINGTON presumably describe the same phenomenon under the name 
of “internal tipburn” (11). From their trials indications were obtained that the 
phenomenon is associated with a Ca deficiency. This agrees with the findings of vAN 
Hoor (4), who concluded that leaves showing tipburn contained less Ca, and proba- 
bly also less Mg, than healthy leaves. This was associated with more K. From the 
figures provided by him it can be concluded that the affected leaves also contained 
less Na. 

SHAFER and SAYRE assume that tipburn is caused by a temporary water shortage, 
which may occur during rapid growth. Other crops, too, are known to show devia- 
tions probably due to this cause. For grapes, lettuce, cauliflower and tomatoes these 
deviations have been described by VAN DEN ENDE (1). 

Under certain conditions the transpiration by the leaf is larger than the amount of 
water taken up by the roots so that water may be withdrawn from other tissues, which 
will then die off (1). This may also account for the phenomenon of tipburn, assuming 
that differences in susceptibility are connected with the water regime of the plant. One 
of the factors influencing transpiration is the size of the leaf surface, which, in the case 
of head cabbage, is primarily determined by the amount of wrapper leaves. In the three 
varieties mentioned, however, there was no relation between susceptibility to tipburn 
and the amount of outer leaves, maybe due to different transpiration intensities. With- 
in a variety these two properties were not correlated either. 

Another factor may be the growth rate. There are indications that rapid, luxuriant 
growth promotes the occurrence of tipburn. Langedijker Autumn White, for instance, 
grows faster than Succes, and the latter variety frequently makes a somewhat smaller 


head despite the longer growing period. 
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Another indication is that in the strains of Langedijker Autumn White the suscep- 
tibility to tipburn increases with an increase in weight of the mature heads (fig. 6). In 
the case of pointed-headed cabbage it has been found that increased head weight may 
often be due to a longer growing period or higher growth rate, or to both (9). This is 
probably also true of Langedijker Autumn White. The strains which make the hea- 
viest heads have been found to grow fastest and, moreover, to have needed the lon- 
gest period of growth. The higher susceptibility to tipburn of the more productive 
strains may be due to their higher growth rate. 
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Fi. 6. NET HEAD WEIGHT AND SUSCEPTIBILITY OF 17 STRAINS OF LANGEDIJKER AUTUMN WHITE. 


Frequently the degree of tipburn is also lower under less favourable growth condi- 
tions. During the 1959 season, which was exceptionally dry in the Netherlands, 
growth was slow and the crop little affected by tipburn. 


SELECTION FOR LESS SUSCEPTIBILITY TO TIPBURN 


Because of the clear differences between the varieties and strains it should be possi- 
ble to reduce the susceptibility to tipburn by means of selection. It is not impossible, 
however, that complications may arise, as the occurrence of tipburn is likely to be 
associated with the growth habit. Thus it is not imaginary that selection of less suscep- 
tible plants in a susceptible, but productive, strain of Langedijker Autumn White 
would cause a decrease in yielding capacity. This is notably the case if plants are chosen 
which are less subject to tipburn due to less rapid growth. A lower growth rate cou- 
pled with a shorter growing period will result in a reduction in the size of the head and 
earlier maturity. 
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pi Fig. 2. DETACHED LEAVES WITH TIPBURN 
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FIG. 4. LANGEDIJKER AUTUMN WHITE 
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Another possibility is to select plants which are equally productive, as their lower 
growth rate is counterbalanced by a longer growth period. Then the variety becomes 
jater. This also explains why in some late strains of Langedijker Autumn White the 
| heads which mature in the second half of the harvest period are sometimes less affec- 
ted by tipburn than the earlier harvested heads of the same strains. 

Selection should be aimed at finding specimens that carry resistance or are only 
slightly susceptible to tipburn and, moreover, are true-to-type with respect to other 
valuable characters. This should be possible, up to a point at least, with the variety 
Langedijker Autumn White, in view of the fact that there are appreciable differences 
in susceptibility to tipburn between strains that ripen at the same time and produce 
heads of the same weight. 

The occurrence of tipburn in sensitive varieties can be reduced not only by selection 
within the variety but possibly also by crossing with less susceptible varieties. 

Selection should be carried out at a time when the chance of finding most of the 
susceptible heads is greatest. Our trials have shown an increase in the occurrence of 
tipburn after maturity. Thus in 1952, in a trial at Elst, the percentage of heads with 
tipburn increased threefold about 6 weeks after maturity, being 59 % for Langedijker 
Autumn White and 2-3% for Succes. Therefore selection for plants that are little sus- 
geptible to tipburn should preferably be carried out some time after the heads ma- 
ture. 

In selection and also for the genetical analysis of this phenomenon it will be wise to 
use such breeding methods as are likely to have little effect on vigour and growth rate, 
as otherwise no representative values for the susceptibility to tipburn will be ob- 
tained. 


SAMENVATTING 


Rand in witte kool. 1. Rassenproeven 


L. In enige rassenproeven met witte kool is het voorkomen van rand nagegaan. Tussen 
de verschillende rassen kwamen duidelijke verschillen in gevoeligheid voor. Van de 
Nederlandse herfstrassen zijn Succes en Roem van Enkhuizen weinig gevoelig en 
Langedijker Herfstwitte erg gevoelig. Tussen de selecties van laatstgenoemd ras 
bestaan onderling weer duidelijke verschillen. 

2. Het verschijnsel van rand hangt mogelijk samen met de waterhuishouding in de 
plant. Er was echter geen correlatie tussen de hoeveelheid omblad (als maat voor 
de grootte van het verdampend oppervlak) en de mate van randaantasting. 

3. De waargenomen verschillen in randaantasting gaan samen met verschillen in 
groeisnelheid. Vermoedelijk is snel gegroeid en daardoor week weefsel een belang- 
rijke factor in de gevoeligheid. 

4. Enige consequenties voor de veredeling op ongevoeligheid voor rand worden be- 
sproken. 
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ABSTRACT 


The origin of Kenya wheats is traced mainly from the introduction of Australian 
varieties at the beginning of the century. Continuity was lost at the time of the first 
World War and modern wheats derive from a number of parents of uncertain origin in 
which Egyptian, Italian and Canadian wheats also played a part. Breeding from 1930 
to 1950 was largely based on crossings within this body of material, with relatively few 
additions from abroad, and led to a range of wheats which are now known internation- 
ally for their stem rust resistance. 

Changes of rust race in Kenya since then have found these wheats lacking in suffi- 
cient breadth of resistance and few survive in commerce at the present time except as 
minor varieties. In the meantime wide use is being made of varieties from abroad, 
whilst considerable expansion of breeding is being undertaken. 

The International and F.A.O. Nurseries particularly have yielded much new ma- 
terial for direct multiplication and for breeding purposes, both for stem rust and yel- 
low rust resistance. At the same time special attention is being given to wheats with an 
inter-specific or inter-generic derivation. Reviews of results with Kenya wheats in 
other countries provide confirmatory evidence of the extent of their resistance, viewed 
internationally, and indicate the value of continuing the breeding on a genetically 
additive basis. 

A discussion on longer-term questions covers such subjects as the role of out-of- 
season crops, the concept of composite varieties with inherent diversity of rust resist- 
ance and, finally, the need for maximum genetic breadth throughout all breeding for 
rust resistance. The hope for higher levels of rust resistance remains the long-term aim. 


1. INTRODUCTION 


A review and appreciation of current ideas and progress in the breeding of wheats 
for Kenya must be set against the background of past achievement on the one hand 
and set-backs from changing rust races on the other. It is not intended to review the 
latter in this paper, but sufficient must be said to establish the paramount importance 
of rust resistance. Wheat in Kenya is afflicted by all three rusts: black stem rust 
(Puccinia graminis tritici), brown leaf rust (P. recondita) and yellow or stripe rust (P. 
glumarum). Wheat is grown from altitudes of 6,000 to 9,000 feet and stem rust occurs 
throughout this range; it is however most severe in the medium and lower areas. 
Brown leaf rust occurs throughout but is seldom very serious. On the other hand 
yellow rust develops strongly from about 7,000 feet upwards, and at the higher alti- 
tudes is more limiting than stem rust; in that case it is usually attacking as a rust of the 
ears. 
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Whilst a study of stem rust races in Kenya, and their use in test procedures, has been 
current for many years, equivalent work on yellow rust is only just beginning. Such is 
the absolute priority that has to be given to stem rust in all breeding efforts. The story 
related in this paper almost entirely concerns breeding for stem rust resistance, and 
without it no wheat can survive as a commercial proposition. 


2. HISTORICAL BACKGROUND 


a. The early years: 1900-1930 


The very first wheats grown in Kenya were of Australian origin, closely followed by 
the Italian variety Rieti. However, stem rust and then yellow rust soon appeared, and 
the need for breeding for local rust resistance was realised. Initially, this was a private 
venture with G. W. EvANs employed as the first wheat breeder in the country. Crossing 
began in 1910 and EvANs made some 20 crosses utilising Rieti and Egyptian No. 3 on 
the one hand and successful Australian varieties mostly on the other, but including 
Red and Yellow Fife from Canada. Of these crosses the following continued to an 
advanced stage: 

Cross 4 — Rieti x Thew 

Cross 10 —= Early Rieti x Thew 

Cross 11 — Early Rieti Xx Red Fife 
Cross 13 = Egyptian No. 3 X Nut Cut 
Cross 15 — Egyptian No. 3 Xx Thew 


Only derivatives from crosses 11 and 13 were issued to farmers, but the other crosses 
doubtless contributed to the body of Kenya wheats bred later. Unfortunately EvANS 
died in 1914 and work was continued as a part-time venture by the Government 
Mycologist, W. J. Dowson. Reviewing the early work recorded above, DOwsON (4) 
quotes the use at this time of Florence from South Africa and Indian No. 17 as wheats 
in commercial use, and Annual Reports of the period list such varieties as Madonna, 
Ushers, Persian, White Egyptian No. 4 and White Loaf. However, the only wheat of 
EVANS’ day that still survives in commerce is the high-altitude variety Equator; the 
precise origin of this is unknown but it is said to have been selected from a field of 
Australian wheat at Njoro. 

DowsoN’s work centres on the use of Cross 11 derivatives in further crossing onto 
Marquis and other wheats, and on the crossing of Red Egyptian with Marquis, Equa- 
tor and Red and White Fife particularly. This continued the idea of trying to add to- 
gether resistances to stem rust and yellow rust, taken as simple entities. Progress was 
sporadic, and when G. J. L. BURTON was appointed as a plant breeder in 1921 he in- 
herited a large range of material of uneertain origin, much of it dating back to EvANs 
(BURTON, 2). 

BURTON decided that there was sufficient potential already available to him in this 
material for direct selection, and later for crossing. Kenya Droop was first produced, 
then Kenya Governor was issued in 1926, and B. 286, which became known as Kenya 
Standard, soon afterwards. All these three were single plant selections from material of 
unknown origin. It was at this stage that the problem of physiologic races of stem rust 
first appeared in Kenya, for whereas Kenya Governor was susceptible to the new race, 
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K2, the variety B. 286 remained resistant. BURTON at this time was as much concerned 
with agronomic characters and baking quality as with rust resistance, and it is of 
interest to note his concern to grow a sufficient range of crosses and selections to allow 
him to select the rare combination he sought. He tried many imported varieties mean- 
while but found very few he fancied. 

The picture at this time clearly shows that, though a body of Kenya wheats had been 
evolved, its origins were uncertain. Probably the Australian and Egyptian contribu- 
tions were the most important, but the special positions of Rieti from Italy and Fife 
from Canada must be recognized. The second important point, which comes out again 
later, is the degree to which breeding thereafter proceeded from existing Kenya hybrids, 
with few additional varieties being incorporated. 


b. The middle years: 1930-1950 


The next important stage was the founding of the Plant Breeding Station in 1928, 
following the advice of the well-known authority, Sir ROWLAND BIFFEN. At the same 
time there was the appointment of a second breeder, R. J. LATHBURY. The work then 
developed steadily and full records are available since that date. 

The breeding efforts of the 1930’s have been clearly explained by LATHBURY (7) and 
need not be recounted in detail. The point to be made is that they proceeded in step- 
wise fashion, adding specific resistances to new races as they arose. Certain new varie- 
ties were brought into the crossing to provide extra resistance but in the main the 
programme was based on recombination within the existing framework of BURTON’s 
wheats. The most notable parents from abroad at this time were Reliance, Marquis 
and Florence on the one hand, and a further group of Australian selections on the 
ather. Yet the latter certainly contained Kenya blood in at least one case, Australian 
26.A. The pictorial portrayal of the relationships of Kenya wheats of this period shows 
the degree of inter-breeding involved and the limited extent of the incorporation of 
new blood. This detail is shown in figure 1, and in addition a list is quoted of the full 
names, numbers and foreign synonyms of those varieties which have figured in inter- 
national exchanges. This latter appears as table I. 

The part being played meanwhile in commercial production by imported varieties 
needs some mention. Sabanero from South America had been released in 1929, and in 
fact is still a main variety today. D.C. x Ceres and Regent from Canada were also 
released successfully, but whereas these two have contributed to the breeding of sub- 
sequent years, Sabanero in spite of its ability to survive changing rust races has never 
been successful in crosses. 

The War naturally caused a very considerable disruption and contraction of work, 
and although LATHBURY was joined in 1938 by the present Senior Plant Breeder, H. C. 
THORPE, the amount of new breeding was very limited due to secondment to other 
duties. The country was fortunate in the war years to have a run of good seasons with 
few changes of rust; this continued in fact until after LATHBURY's retirement in 1947 
when THORPE took charge. The range of varieties in use during the war was small and 
mainly centred on the Marquis derivative 117.A and Sabanero. Most of the earlier 
varieties already mentioned had by then declined, and also a number of other releases 
of the pre-war period such as: — Burbank, NB 230, B. 256.G, Cross 1 12, Reward, 58 F. 
Reliance, Cross 130 and Australian 26.A. On the other hand the variety 131 persisted 
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throughout these years and subsequently increased in acreage as will be noted in the 
next section. 

After the war, the end of this period was marked by the release of a whole series of 
LATHBURY’s wheats on the one hand, and their rapid eclipse by a new group of rust 
races on the other. The wheats 294 and 360 were the outstanding products of this time 
and they probably represent the best yet achieved in Kenya for yield potential and 
agronomic characters. At the time they had shown resistance to all the stem rust races 
current in the country. In fact they form the peak of the breeding of Kenya wheats of 
all the previous years. Sir JOSEPH HUTCHINSON (5) has recently pictured breeding 
progress in this manner, and his simile can be applied very aptly in this case. 


c. The recent period: 1950 onwards 


Although the release of a number of LATHBURY’s and THORPE'’s wheats kept the 
varietal position fairly satisfactory for a while, the life of these varieties was all too 
short and the position deteriorated rapidly due to the attacks of a new groups of rust 
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races. Such wheats as 360.H, 337, 338, 184, 350, 341, Ceres R64, 351, 354 and 356 were 
all released in the early 1950’s yet few survive today. Whereas in 1951, some 60% of 
the acreage was devoted to such white wheats (generally called the “Government 
wheats’’) they had fallen to only 20% by 1957, and their place had been taken by soft 
red varieties such as Sabanero, 131 and Equator, much to the miller’s distress. The fate 
of current breeding material was equally disastrous. Clearly the genetic background of 
all these wheats was too narrow, and collectively they offered only a limited form of 
resistance to the new groups of rust races that had arisen in a spate since 1948. The 
peak had been passed and, the rust having caught up with the breeding, a new field was 
needed. 

Indeed the need to break away from the narrowness of the previous breeding was 
soon recognized but such changes take time to become effective. Fortunately a few of 
the varieties remaining from the old programme held their value and were released, 
notably 358, 363 and 367. Three foreign varieties were also released; Mida Cadet and 
RL 2150 have not lasted, but the very quick wheat H.462 from Wisconsin has proved 
remarkably successful. In general this period was one of considerable loss of confidence 
by the wheat growers, and in fact the wheat acreage fell by a third over the years 1956 
1957. On the other hand, the desperate need for better varieties stimulated a large 
expansion of staff, funds and facilities for wheat breeding efforts. Thus, though the 
industry is at present in difficulties, the long term situation is hopeful. 


3. CURRENT LINES OF WORK 


Expansion of the Plant Breeding Service actually began in 1952, at which time the 
author joined the staff, but most of it has occurred in the last three years as described 
in a general review published recently (THORPE and Dixon, í 1). The details of the new 
facilities and staff are outside the scope of this paper, but the work now to be explain- 
ed must be set against a background of great development. Greater volume of breed- 
ing work has been one aim, but greater diversity is the real keynote. At the same time 
considerable attention has had to be given to records, recording systems and general 
methods of handling the work. Much can be devolved upon the non-graduate staff in 
this way if standardised procedures are adopted and this has been one of the chief aims 
of the expansion period. It would not be possible to describe all this in detail, but the 
more valuable and interesting material being developed will now be mentioned in 
illustration of the actual lines of breeding work which are proceeding. 


a. Nurseries 


It was in 1953 that Kenya first took part in the International Spring Wheat Nursery, 
and with this it can be said that the modern era of breeding actually began. Participa- 
tion in the Near East Nurseries organised by the F.A.O. dates from a year later. Since 
then the range of nurseries has increased, and additional sites have been brought into 
use to supplement the work on the main station, Njoro. It can also be recorded here 
that Tanganyika is now in this field too, and the work there is closely linked to that in 
Kenya. 

At present four sites are used for Nurseries, covering the wide range of altitudes in- 
volved. At the lower sites at Kitale and Naro Moru (6,000 feet) the accent is on stem 
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and leaf rust; at Njoro (7,100 feet) all three rusts are active, and at Molo (9,200 feet) 
the main concern is yellow rust, both of leaves and ears. These sites thus cover the 
three types of area for which different varietal characters are required, and yet at the 
same time also sample different climates of rust races. High levels of natural infection 
usually occur in all these nurseries, but the choice of extra sites also helps minimise the 
chance of escapes from infection. 

The nurseries during this period of some 6 years have brought in a far larger range 
of varieties than that available by any normal system of exchanges; this applies both to 
numbers and diversity of type of origin. Probably some 3,600 wheats have been. in- 
volved, allowing for duplications and repeats; barley and oats are also involved simi- 
larly of course. Exchanges totalled 380 in the same period, and thus the Nurseries have 
given approximately a ten-fold increase in the volume of imported material. In all 
about 300 wheats have been extracted from the nurseries for further study, during this 
time. At first these are merely grown again for further observation or single plant 
selection, but thereafter they can either go forward for direct multiplication for release 
or be taken into the breeding work as parents. These two facets of the utilisation of 
nursery materials are described in the two following sections; but in the meantime Dg 
value of this source of new material cannot be stressed too strongly. 


b. Multiplications 


Due to large-scale losses of material from the breeding programme, much use has 
recently been made of varieties extracted from the Nurseries. At first these are purified 
f necessary, and thereafter multiplied to field-scale sowings in about 3 generations; a 
further two generations as mother crops and pedigree crops are then required before a 
variety is released. (A variety can be released in Kenya when there is about 50 tons of 
seed). 

Concurrently with their initial multiplication, such varieties are tested against all the 
current stock races of stem rust and put out in district observation plots for extensive 
field evaluation of their general resistance to all three rusts. The number of varieties 
that successfully survive is naturally small, but so far a very useful contribution has 
been forthcoming from this source, for the varieties fill a much needed stop-gap func- 
tion at this present time as already explained. 

The most important varieties obtained in this way are quoted in table 2, together 
with their countries of origin. Also included is a note of the number of races to which 
the varieties are resistant in seedling tests. These latter results are used as a guide 
in selection, but field performance remains the final criterion lest “general resistance” 
be needlessly discarded. 

A rival selection of F.K.N. (Number 11-50-25) reached the mother crop stage but 
was withdrawn on account of an attack of race K13; the alternative selection 18 has 
now been chosen instead, being seedling resistant to this and all the other races. A 
point of note here is that the extracts of 1955 and 1956 are not the same. That of 1956 
appears the better proposition so far as rust resistance is concerned, but is very un- 
even; the selection of 1955 is the better grower. 

Two other varieties need special mention, Wis. 245 x Supremo and No. 43. The 
former derives from (Illinois 1 x Chinese)3 x Triticum timopheevi, and in this respect 
will be mentioned again in the next section where the ““Wis. 245” component is similar 
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TABLE 2. RECENT VARIETIES FROM ABROAD BEING MULTIPLIED FOR RELEASE 


b 54 8 Seedling stem 
Variety Origin and source *) rust resistance ee 
| 
1 Frontana x K 58-Newthatch, Minnesota, TWN/194/56 
1-50-18 and also TWN/283/55 R 9/9 
2 Veranopolis Brazil, TIWN/532/54 RS 
3 Rushmore X Surpresa (PW 36) South-Dakota IWN/305/54 R 2/5 
4 Mida-MeMurachy-Exchange, 11-47-26 Minnesota, IWN/278/55 R 9/9 
5 Kentana Yaqui, 2587-8y-6c-1y-3c Mexico, TWN/203/54 R 6/7 
6 Africa Xx Mayo 48, 3529-1y-4m-3y- lm. Mexico, TWN/209/55 REST 
7 Kentana-Frontana-Mayo, P947-4b-9b-1b-1r. | Mexico, TWN/258/55 R 9/9 
8 Wis. 245 x Supremo 51, 3638-5h-lh-2h. Mexico, TWN/214/55 R 9/9 
9 South Africa No. 43. (PI 159106) South Africa FAO.N/190/55 | R 9/9 
*%) Sources quoted are: “IWN.” — International Spring Wheat Nursery. 
“EAO.N” —= Food & Agricultural Organisation’s Near East Wheat 
Nursery. 


The numbers are the entry number, followed by the year of the nursery. 
**) The symbol ““R 9/9” means the variety shows full seedling resistance to 9 out of 9 current stock 
races of stem rust. 


to the wheat Wis. 249 known in Kenya as CI. 12632. Secondly, South Africa No. 43 is 
said to have not only 7. timopheevi but also Agropyron in its parentage, together with 
the Kenya wheat B. 256. G. The rust resistance of both these wheats is thus hoped to 
have a wider base than varietal crosses, a point which will be mentioned again later. 

These varieties and others following them are by no means ideal; for instance their 
baking quality is in some cases poor, but that of Africa Mayo, Kentana Yaqui and 
Wis. 245 x Supremo is good. Straw strength is in some cases weak and Mexican 
selections seem specially prone to damage by Glume Blotch (Septoria nodorum). 
Nevertheless, these varieties between them should help farmers throughout the altitude 
range. Double cropping is hastening their multiplication wherever possible and they 
should give some time for new breeding to become effective, representing as they do 
as wide a range of types and rust resistance as possible. 


c. Breeding Material 


The narrowness of previous work has been stressed, and all effort in recent years has 
been towards achieving maximum genetic diversity in the breeding programmes. In 
this the contribution made by the Nurseries has been paramount. 

An intensive programme of backcrossing that began in 1955 has now just come to a 
close, and initial multiplications are about to begin. For this work the donor parents, 
shown in table 3, have been used for their valuable rust resistances. 

Not all these parents have proved equally effective, but again the diversity is stressed. 
The recurrent parents used in this work have been the better varieties of previous years 
(namely 184.P, 294.M, 360.H, 356, 358, R. 64 and Regent), and a number of foreign 
varieties of local value which lack adequate rust resistance. Florence Aurore 8193 


from Algeria, Rio Negro and La Prevision from Argentina come into this latter 
category. 
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TABLE 3. CURRENT SOURCES OF RUST RESISTANCE FOR BREEDING 


Variety Origin 
a. For stem rust resistance 
1 Frontana Xx Kenya 58-Newthatch, 11-50-17 Minnesota TWN/291/54 
2 Mida-MeMurachy-Exchange, 11-47-26 Minnesota TWN/297/55 
Be CI.12632*) |_Wisconsin Acc. 0831/52 
4 Kenya C.9906-Supremo x Yaqui, 2212-2y-3c-2y-1c-1y |__Mexico TWN/141/57 
5 Egypt Na 101-Chapingo 48-Gabo 3739-1c-3c-5c**) \_Mexico TWN/175/57 
b. For yellow rust resistance 
6 Lee Frontana, No. 2357 USA FAO.N/206/55 
7 Colotana 1085/50 and 262/51 Brazil TWN/90 &91/55 
8 Lageadinho Italy TWN/57/54 
9 Lin Calel x Chinese 166 Cambridge Acc. 1667/56 


EN CL12632 — (Illinois 1 X Chinese)? x T. timopheevi i.e., Wis. 249. 
2%) Egypt Nal0l = Kenya Governor. 


The donors quoted above represent the first varieties that came forward from the 
intensive work on the Nurseries, and in Mida-McMurachy-Exchange and CI. 12632 
crosses, particularly, the stem rust resistance seems the most effective. The derivation 
of CI. 12632 from T. timopheevi is specially noteworthy in this respect; this variety is 
otherwise known as Wis. 249 and has similar parentage to Wis. 245 quoted in relation 
to table 2. 

In 1957 a still broader approach was made and two large collections of donor parents 
were formed, numbering 188 for stem rust resistance and similarly 153 for yellow rust. 
In the case of the former some 130 entries were chosen from the Nurseries on the basis 
of good general performance in Kenya, and to these were added a further 50 which 
whilst not outstanding locally nevertheless showed good coefficients of resistance on 
the international level. (The same general story applies to the yellow rust nursery). 

Detailed testing of juvenile resistance of all these selected donor parents is nearly 
complete, but in the meantime a very large crossing programme based upon them was 
started in 1958 and the second backerosses have just been carried out. In this case five 
recurrent parents are in use, namely 184.P, Regent, 294.M, 354 and 362. This means 
that 940 separate crosses are involved, together with equal numbers of backcrosses in 
each generation, probably as far as the third backcross. The wealth of material is too 
great to quote but it clearly represents a tremendous range and leaves room for con- 
siderable pruning. Unthrifty and defective sets of crossings will be discarded, but the 
accent is on genetic breadth and therefore a balance has to be struck between achieving 
adequate selection on the one hand and the need to conserve germplasm on the other. 
One cannot breed for resistances that may be latent, but on the other hand rapid 
changes of race together with vigorous race by race selection could well eliminate lines 
with a good general level of resistance to a useful range of races. Here lies one of the 
current problems: the need to exploit general resistance rather than discard all indivi- 
dual susceptibilities. 

This is where the concept of “higher levels of resistance” needs consideration ; steps 
have been taken to collect derivatives with interspecific or inter-generic backgrounds 
for study in this direction. The development of wheats of this type is an exacting mat- 
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ter, but the material made available by generous gifts can be screened without difficulty 
to test the possibilities involved. So far the range of derivatives tried in Kenya has been 
limited, but it is being increased as rapidly as possible. The more important and effec- 
tive lines received to date are quoted in table 4. 


TABLE 4. NEW SOURCES FOR RUST RESISTANCE FROM ALLIED SPECIES & GENERA 


Origin 

a. Inter-specific crosses 

(lllinois 1 x Chinese)? x T. timopheevi — Wis. 245 — CI. 12633 Wisconsin 

(Illinois 1 Xx Chinese)? x T. timopheevi — Wis. 249 — CI. 12632 Wisconsin 

1877 & 1880 series (based on Idaed & Lemhi) derived from 7. timopheevi Idaho 

Timvera — (Steinwedel x T. timmopheevi) Australia 
b. Inter-generic crosses 

RL 2150 & others — Marquis® x Agropyron elongatum Winnipeg 

Triticale types — RL 2388 x Omara amphidiploid Winnipeg 

— T XS Col. series South Africa 

Triticale 1 Xx 9 Spain 

T. turgidum X A. obtusiusculum amphidiploid, TA 325 Cambridge 

(Chinca X Ag. elongatum) x Redman Peru 

(T. dicoccoides Xx Aeg. speltoides) x Austin? Texas 

PW 327 x Thatcher?-from 4. elongatum Saskatoon 


Another method of achieving a higher level of resistance to stem rust may lie in the 
development of mechanical resistance. Professor E. C. STAKMAN during his recent 
visit to Kenya has advised that this line has so far been rather neglected and that study 
of the range of breeding material on hand from this general viewpoint may well prove 
profitable. Such resistance could be associated either with a reduction in the collen- 
chyma content of the stem, thus restricting the rust to a smaller portion of the tissues, 
or could take the form of greater lignification of the epidermis as a barrier to pustule 
eruption. Consideration is therefore being given to the possibility of exploratory stu- 
dies of this type. 

These approaches are clearly a longer-term development, but the fact remains that 
in the meantime the Nurseries will continue to provide a very comprehensive range of 
all that is best in current breeding for rust resistance through most of the world. 
Breeding in the years immediately ahead will undoubtedly lean very heavily on this 
material and it is opportune to close this section by saying that the debt owed to those 
who organise or contribute to the Nurseries is very gladly acknowledged. 


4. APPLICATION TO KENYA OF WORK IN OTHER COUNTRIES 


This is an appropriate stage to mention research into data published about Kenya 
wheats in other countries. As already quoted in table 1, a considerable range of Kenya 
wheats have been grown elsewhere, often unfortunately under a variety of local 
designations which make analysis difficult. (For instance Egypt Na 101 is really Kenya 
Governor.) Lately the author has been endeavouring to draw such detail together, and 
to summarize available data on resistance to rust races and on genes for resistance. All 
such work has been based on the use of the standard international system of stem rust 
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nomeclature, whereas Kenya is still at present working on her own local system. This 
in fact is one of the special reasons for adopting the standard international system as 
tar as possible. Nevertheless, the range of international stem rust races to which Kenya 
wheats have been tested is growing and includes the following: 9, 10, 11, 15, 15B, 17, 
19, 21, 29, 32, 34, 36, 38, 48, 49, 50, 56, 59, 113, 120, 125, 139, 162 and various Austra- 
lan races. (Some testing to leaf rust and yellow rust has also been reported). In this 
work the contributions of PETERSON et al (9), LOWTHER (8), CAMPOS (3), and PUGSLEY 
{10) are probably the most comprehensive. An important point that comes from 
studying such results is the frequency of marked temperature effects, mainly in seedling 
tests but also to quite an extent in adult reactions also. Nevertheless such results have 
value as indicating those local varieties with the widest form of resistance on an inter- 
national basis. Such varieties are exposed to a narrower range of races in Kenya itself, 
and this may not let them show the full breadth of their capabilities. Kenya Farmer is a 
case in point, being highly resistant to the important races of North America though 
locally susceptible. It therefore merits renewed interest in Kenya for its general level of 
resistance viewed internationally. This then is the type of thinking which underlies the 
present analysis of world data on Kenya wheats; Kenya must no longer proceed on a 
merely local basis. 

The other aspect is genetical study. This is not possible in Kenya at present. But on 
the other hand studies elsewhere have already located a number of genes for stem rust 
resistance, notable those of KNOTT (6) and PUGSLEY (10). Comments on this aspect of 
certain Kenya wheats has recently been made by WATSON (12). The special position of 
Kenya Farmer in such studies is notable, possessing as it does KNOTT’s genes Sr 7,9, 10, 
il and 12. The one gene in this series lacking in Kenya Farmer is actually Sr 6, and 
therefore the cross of Kenya Farmer and, say, Red Egyptian should be able to pro- 
duce the complete series. Here then lies the value of the information coming forward 
on the international level from genetic studies. 

Much work can still profitably be done on this type of research, and of course it 
must continue as new information comes to light, but it is hoped that sufficient has 
been said to illustrate the need for study of published data on the widest possible basis 
and the importance that such a study has in the furtherance of the practical breeding 
programme. 


5. PLANS AND CONCLUSIONS 


Throughout the foregoing the accent has been on the material being used or devel- 
oped. A final section must however be devoted to certain wider issues in order to indi- 
cate the steps being taken to make such material as effective as possible and develop 
new lines of work. 

Speed of working is obviously an important factor. Speed in multiplication stages 
can fortunately be arranged quite easily in Kenya because two growing seasons each 
year are available in the Mount Kenya area; irrigation can also be used. This is merely 
a matter of mechanics. On the other hand double cropping in the early generations is a 
more difficult proposition. Not only is selection for rust resistance upset in the dry- 
season crop, but the general behaviour of the wheat, itself may differ from normal. 
Reservations must also be voiced in this respect when selection for complex factors 
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is to be attempted in growth chambers or other artificial climates. An experiment in 
the use of supplemental lighting was recently carried out but proved disappointing; 
the results point to greater and wider value being obtainable from two natural gene- 
rations each year out-of-doors than extra generations in artificial installations. 

A further aspect which arises when speed is being sought is the risk of insufficient 
testing of the products coming from the breeding programme. This must always be a 
problem in Kenya where there is such pressing need for new varieties to keep ahead of 
changing races of rust. The need to steer a wise course between caution and haste is 
thus a special problem in Kenya. 

Turning now to methods of breeding, the notes on material have already indicated 
the general lines upon which development is proceeding. The greatest breadth is 
sougbt, both in variety crossings and in the use of derivatives from related species. So 
far the products of breeding have always been used as pure varieties. A different me- 
thod of obtaining genetic breadth is that advocated by BORLAUG (1) in which he puts 
forward a scheme for composite varieties containing a number of components which 
differ in their rust resistance and thus offer a greater breadth of resistance to infection 
and a greater insurance against loss. This is a valuable concept and one which is 
receiving the attention it merits. So far as Kenya is concerned the large backcrossing 
programme started in 1958 is suited to providing material for use in such composites 
in due course. The need to achieve uniformity in all characters could however impose 
decided restrictions on the choice of products for distribution in such cases. A further 
difficulty arises from the need to produce a clear range of varieties to suit the very 
varied requirements of the different districts in which wheat is grown. Nevertheless, 
the practical implications of the composite idea are being studied; developments and 
progress in its current application in Mexico and South America are being watched 
with special interest. 

The problem of achieving adequate genetic breadth to withstand changes in the rusts 
is not, unfortunately, a question of quantity alone. Stress has been laid in this paper on 
the very great value that Kenya has derived in recent years from the wealth of material 
made available through international exchanges. This development in international 
co-operation has had a profound influence on wheat breeding in Kenya and will con- 
tinue to do so. However, the fresh possibilities from exchanges of this nature must 
diminish in time, once countries have all made much use of such international material 
in their breeding. We must hope therefore that efforts to find and develop higher levels 
of rust resistance for wheat will make special progress in the near future. The wheat 
industry in Kenya has suffered heavily from stem rust damage in the last decade, but 
with the new staff and modern facilities for wheat breeding that have been provided, 
there is fresh hope of re-establishing control of this disease particularly. It is hoped 
that in so doing Kenya may make further contributions to progress internationally in 
this specially important and challenging aspect of wheat breeding. 
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SAMENVATTING 
Overzicht van de tarweveredeling in Kenya 


De tarweveredeling in Kenya werd oorspronkelijk gebaseerd op rassen die in het 
begin van deze eeuw uit Australië zijn geïmporteerd en op de daarna geïmporteerde 
rassen uit Egypte, Italië en Canada. In de periode 1930-1950 werden in hoofdzaak 
kruisingen gemaakt met de bovenbedoelde rassen. Men slaagde er aldus in rassen te 
kweken met resistentie tegen de zwarte roest. 

Het optreden van nieuwe fysio’s van de zwarte roest had tot gevolg, dat de rassen 


wel aangetast werden. Buitenlandse tarwerassen werden toen beproefd, terwijl aan het 
kweekwerk uitbreiding werd gegeven. 


De Internationale en de F.A.O. tarwe-collecties met resistentie tegen roest leverden 
belangrijke geniteurs voor de huidige tarweveredeling in Kenya. Ook met materiaal 
dat afstamt uit soorts- en geslachtskruisingen wordt gewerkt. Er wordt naar gestreefd 
resistentie tegen zwarte en gele roest op een hoger niveau te brengen, waarbij behalve 
aan de fysio-resistentie ook aandacht wordt geschonken aan de algemene resistentie. 
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ABSTRACT 


After X-ray treatment of germinating cocksfoot seeds some 1,400 plants were ob- 
tained; in 27 plants only some seed was produced after obligatory selfing. 

In the X‚-generation several deviations occurred, among others dwarfing, erectum- 
types, plants that in the second year failed to flower, aberrant pasture types, etc. 

The most interesting plant was a glabra-mutant which showed no dentations on 
the leaf margin and on the spikelets. 

From selfings and crossings it could be established that glabra is a character which 
is inherited recessively and that the glabra-plant was rather self-fertile. 

Among the Xs-plants of the glabra-mutant valuable types occurred which did not 
show inbreeding depression. 

The writer points out that the new type offers perspectives for the improvement of 
cocksfoot. Glabra-varieties may be more valuable for hay production while their pala- 
tability can be enhanced by grazing, especially in an older stage. 


SOME OBSERVATIONS ON A POSSIBLE X-RAY MUTANT IN COCKSFOOT 


In the autumn of 1952 germinating seeds, grown on wet filter paper were irradiated 
with X-rays at the Institute of the late DR. DE MOL at Amsterdam (56 kV, 3 mA; dose 
rate 4.51 r/min.). The water content of these seedlings (approx. three days old) has 
not been measured but must have been very high: it may be estimated at 80-85 9%. 

Three irradiation doses were applied, viz. 500, 1,000 and 1,500 r. Apparently the 
lethal doses in germinating cocksfoot must be close to 1,500 r. The surviving seed- 
lings, some 1,400 plants, were planted in the field in the autumn of 1952. 

In the spring of 1953 most of the plants developed rather well and in the X,-genera- 
tion the only after effects of the irradiation to be noted were two dwarfed plants which 
showed a clear chlorophyll deviation (albina type) and died later on. All of the flowe- 
ring X,-plants were selfed in 1953; 27 plants gave rise to selfed seeds, distributed among 
the three groups as follows: 


TABLE 1. NUMBER OF SELFED PLANTS AND X3 SEEDS 


Selfed plants produci 
Dose Selfed plants he war ce Number of Xs-seeds 
500 r. 396 9 232 
1,000 r. 396 11 352 
1,500 r. 618 ei 388 
1410 27=1.91 % 972 


*) — Since Febr. Ist. 1959, Head Plant Breeding Station Van Engelen Ltd, ’s-Hertogenbosch, 
Netherlands. 
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In both the X, - and X- generation a number of control plants were grown under 
exactly the same conditions as the other plants (germination, planting, selfing, etc.), 
but they were not irradiated. The 30 S,- plants of the control yielded S, - plants, which 
n their status of inbreeding are comparable to the irradiated X-plants. 

It can be stated that the X, - plants, on the average, were somewhat less vigorous 
than the S,- plants of the control and definitely later flowering. 

In the X,- generation some interesting plants could be observed. Among these 
were some dwarfs. There was an X,- family of three plants, all of which were of a 
peculiar erectum type, which the writer never observed before; these plants failed to 
flower even in the second year. 

One X-family of 20 plants was very susceptible to Erysyphe graminis, with the ex- 
ception of one plant which at first remained resistant. Late in the season however this 
plant became attacked. Another family of 216 X,-plants was extremely uniform: all 
plants failed to flower in the second year and showed a wilting of the leaves from the 
outer leaves inwards. In family 42-14 all plants (17) were of a very distinct “pasture”’ 
type. 

The most interesting plant however appeared in family 29 — 14 (out of the 1,000 r. 
group): among 43 X-plants one plant was found to be absolutely smooth. This plant 
was very soft to the touch, similar to Lolium perenne. As the pictures show, the leaf 
edges as well as the spikelets show no signs of dentations (fig. l and 2). As a name for 
this type of plant the writer suggests the name ‘“glabra-type”” Apart from this its 
plant type was quite normal. During his work with cocksfoot the writer has examined. 
thousands of plants for smoothness but never found a glabra-type. 

The variation in the 25 S‚-control plants was comparatively smaller than in the 
Xo-plants. 

In 1955 open pollinations and selfings were made with the glabra-mutant. The 
crosses were made by enveloping an inflorescense of each of the parents together 
m one bag. No emasculation was carried out. Young seedlings from these crosses 
were checked on leaf tops, in which stage the difference between glabra and normal is 
already quite apparent. In the following table the results are summarized : 


TABLE 2. RESULTS OF CROSSES AND SELFINGS OF glabra AND NORMAL PLANTS 


Number of plants 
Type of cross à 
glabra intermediate normal 
3 crosses of glabra X normal ...... 11 3 46 
2 crosses of normal X glabra ...... — 4 22 
3 open pollinations of glabra ...... 24 44 9 
aselfingsof glabra. … ee 135 — = 
MSCHINGKOL Slab ser eo 16 3 = 
selfines ofsnormalkn Sn ader ne — — 72 


From the table the following preliminary conclusion can be drawn: 


a. The glabra mutant is no somatic mutation 
b. The character is recessive 
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c. The glabra mutant is rather self-fertile (which accounts for the number of glabra 
plants in the population derived from glabra x normal crosses). 


The X3-plants of the glabra-mutant were mostly of a very valuable plant type and 
did not show any inbreeding depression whatsoever. The practical value of this mu- 
tant or the incorporation of the character into other Dactylis material may make it 
attractive to use cocksfoot more intensively for hay and will enhance its palatability, 
especially in an older stage. 


SAMENVATTING 
Enige waarnemingen over een mogelijke Röntgen-mutant van kropaar 


Na Röntgenbestraling van kiemende kropaarzaden werden ongeveer 1400 planten 
verkregen. Gedwongen zelf bestuiving leverde in 27 gevallen enig zaad. 

In de X-generaties traden verschillende afwijkingen op, o.a. dwerggroei, erectum- 
type, planten die in het tweede jaar nog niet in bloei kwamen, afwijkende weidetypen, 
enz. 

De meest interessante plant betrof een glabra-type (geen tandjes van de bladrand 
of aan de bloemkafjes). Uit zelf bestuivingen en kruisingen kon worden geconcludeerd 
dat glabra een erfelijke eigenschap is die recessief overerft en voorts dat de glabra- 
plant vrij zelffertiel was. 

Onder de Xz-planten van de g/labra-mutant kwamen waardevolle typen voor die 
geen inteeltdepressie vertoonden. 

Schrijver vestigt er de aandacht op dat het nieuwe type perspectieven biedt voor 
kropaar-veredeling. Glabra-rassen zullen waardevoller hooi leveren, en naar te ver- 
wachten is beter afgeweid worden, vooral in een ouder stadium. 
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Fi. 1. LEAF EDGES OF COCKSFOOT 


UPPER LEAF — NORMAL 
LOWER LEAF — MUTANT 


epen 


Fi. 2. SPIKELETS OF COCKSFOOT 


Il 


RIGHT NORMAL 
LEFT == MUTANT 
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ABSTRACT 


Ll. The results presented here support the assumption that the potato species 
Solanum tuberosum is a true autotetraploid. 

2. The results further show an unexpected correlation between the tuber colour 
type 2 (colour in the parenchymatic tissue underneath the skin, colourless periderm or 
skin) and flower colour, presumed to be due to the colour genes R and F, respectively 
(together with the complementary factor D). Both these factors are found to occur 
independent in other cases, producing varieties with red tubers and. white flowers and 
such with white tubers and coloured flowers. Pimpernel is the first variety found to 
show this complete (or almost complete) linkage of the colour genes for tuber and 
flower. The variety Ringerikspotet very probably represents a case of repulsion of the 
factors R and F, the F factor being located in another chromosome than the two R- 
factors, with very little crossing-over occurring between the loci of R and F. 


INTRODUCTION 


Although a considerable amount of evidence gathered during the last 20 years 
clearly points to the potato being a true autotetraploid, there still exists some doubt and 
uncertainty about its genetical and cytological status. 

Thus SwAMINATHAN (6) states that evidence suggests that the present potato va- 
rieties really are segmental allotetraploids, even though the potato by origin might be 
an autotetraploid. A segmental allopolyploid, according to STEBBINS (4, 5), cited after 
SWAMINATHAN, “contains two pairs of genomes, which possess in common a consider- 
able number of homologous chromosomal segments or even whole chromosomes, 
but differ from each other in regard to a sufficiently large number of chromosome 
segments, so that the different genomes produce sterility when present together at the 
Msn hand GOTTSCHALK (1), in a recent paper, has strongly emphasized that 
the potato is a real autotetraploid with four identical or almost identical genomes. 
He bases his conception on investigations of the pachytene stage in chromosome 
Ke Beke evidence also strongly points in the direction of the potato a true 
autotetraploid and that the evolution of this species has not brought about ch Cc aag 
in its genetical and cytological status that it is justified to classify it as a segmenta 
Beret polyhaploids of Solanum tuberosum are quite normal and vital mil 
smaller than the tetraploids) and show an almost regular meiosis, also supports this 
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view. (Science 128, 1958: 1340-1341; and Doklady Akademia Nauk S.S.S.R. 24, 
1939: 519). 

However, as everyone working with the inheritance and cytology of the potato 
knows, it is difficult to give a definite proof of the potato behaving in all respects as a 
strict autotetraploid. There is a possibility that varieties with a different origin might 
be different in basic genetical and cytological respects. This can be verified only by 
extensive investigations. 

The question of the mode of inheritance has a great influence on the design of 
breeding methods and on the obtainable results. It is therefore of great importance 
to get as correct an information on this problem as possible. 


THE INHERITANCE OF COLOUR CHARACTERS IN THE POTATO 


In this paper some more results on the inheritance of colour characters in some po- 
tato varieties are presented as a further proof of the assumption that the potato is a 
true autotetraploid. 

In an earlier paper on colour character inheritance (LUNDEN, 3) a list is given of the 
genes controlling anthocyanin coloration in the different parts of the potato plant 
and also an account of their interactions. 

The gene pairs with which we are concerned here are Dd, Rr, Ee and Ff. Dis a 
complementary factor for both R‚ E and F, together with R producing red tubers of 
colour type Red 2, with colour in the cortical tissue, colourless periderm or skin, and 
colourless eyes. With the gene E‚, D gives red tubers of colour type Red 1, with colour 
mainly in the skin, strongly coloured eyes and violet red flowers with coloured cork 
ring (abscission layer) on the pedicel. In the presence of F‚, D gives violet red flowers, 
even in varieties with white tubers. Both R and E alone (without D) give a very weak, 
diluted reddish colour in tubers. Rd-plants are difficult to distinguish from entirely 
white-tubered plants by the tuber colour only, but they have a rather weak colour 
in the stems, which can be recognized by a trained investigator. E is easier recog- 
nizable because of the stronger (but still weakly) coloured eyes. Ed-plants have white 
flowers. D alone gives some brownish red colour in the stem and inflorescences. The 
sprout tips are also more or less coloured, while d-plants have green sprout tips and 
green inflorescences. However, the colour developed by Dd3-plants in the inflores- 
cences is often so weak that a classification for the factor D on the basis of this 
character only, requires great experience and cautiousness. 

Litre (2) has recently published a review of literature presenting genetic results 
from naturally occurring or artificially induced autotetraploids in many genera. He 
states that in all cases there is evidence that the segregation in autotetraploids is not 
taking place on a strict chromosomal basis, but that at least some double-reductional 
division (chromatide segregation) occurs for all the genes studied. 

This seems to be the case also with most of the genes studied in the potato. The 
genetic results, especially for duplex (Asa) plants, can therefore not be expected to. 
agree closely with the numbers calculated on the basis of chromosome segregation. 
It can be expected as some deviation in the direction of the ratios occurring in a diploid. 
or allotetraploid with two homomere (duplicate) and heterozygous gene pairs with. 
independent inheritance (Ata!4??). 
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The theoretical ratios, based on the different possibilities for segregation in auto- 
tetraploids (with and without double reductional division) are given in my previous 
paper (3) and will not be repeated here. The results obtained will be compared with 
the theoretical ones, based on chromosome segregation, but it should be borne in 
mind that this comparison should not be expected to give a very close agreement, 
because of the possible deviations due to the double reduction. 


TUBER COLOUR SEGREGATION 


First, some results are given showing recombination of the factors necessary for the 
production of tuber colour of type 2. All varieties in table 1 are (or would be) desig- 
nated as white-tubered in variety descriptions. 

In the following classifications dR-plants for convenience are grouped together with 
the “true” whites. 

King George V and Jubel both are Dedsr,-plants, the three other varieties are 
d,R rz-plants giving in all three crosses an expected ratio of 5 red:7 white (including 
very weakly reddish dR-plants). 

All crosses gave a number of red tubered plants, proving the presence of the factor 
R in the three varieties Leksands vit, Thieles Kuckuck and “unknown”. 


TABLE 1. SEGREGATION FOR TUBER COLOUR IN 3 POTATO CROSSES 


Number of plants 
za Total number obtained expected 
Families of plants 

red white red white 
tubers tubers tubers tubers 

1. King George V x Leksands vit!) 94 41 53 39.2 54.8 

2. King George V Xx Unknown variety °) 109 45 64 45.4 63.6 

3. Thieles Kuckuck?) x Jubel (RICHTER) 30 12 18 1255 17.5 


1) A swedish “landsort”: Leksands white. 
?) Possibly identical with the german variety Alma. 
8) Synonym of “Immune Kaiserkrone’’, may be identical with the american variety Charles Dow- 


ning. 


Table 2 presents the results mainly from selfing and crossings of the dutch variety 
Pimpernel, which has proved of special interest for several reasons. In this table the 
expectations for tetrasomic inheritance are compared with those for a segregation of 
two homomere factor pairs in a disomic scheme. Because recessives of both factors 
D and R are present in all the families the disomic genotype D'd'D°dPR'r! Rr? is the 
only alternative to tetrasomic inheritance. 

The deficits in the red tuber class in all cases are the smallest by far when supposing 
tetraploid inheritance. Such deficits as are present have to be ascribed to double 


reduction. 
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TABLE 2. SEGREGATIONS FOR TUBER COLOUR IN 8 POTATO CROSSES AND ONE SELFING 


eeen 


Numbers of Didi töirhebiie Surplus or deficit of 
plants inheritance inheritance | plants wit red tubers 
obtained expectation expectation from ratios 
Families Bo 8 
D*d:D'd’R'r* 
Rr? 
red white red white red white JN B 
1. Pimpernel selfed 192 14 181.1 24.9} 194,7 11.3) H-109 — 27 
02 2d 
2. Pimpernel x 
Oberarnbacher Frühe 2D 187.3 145.7/ 231.3 101.7/ + 33.7 —10.3 
O7 25510 
3. Pimpernel x Aaspotet 35 9 28:9 15.1) 33,6 10 Ap RG ERE 
Diehl 352147 
4. Pimpernel x | | 
(D.S. x Aas) pl. 737 SSS 335.3 175.7| 390.3 120.7/ + 42.7 —12.3 
Dibi! 50:17 
S. Pimpernel Xx 
(D.S. x Aas) pl. 1006 409 161 374.1 1959) 4354 134.6| + 349 —26.4 
| 24 Sl 
6. Pimpernel Xx 
(R° X 285) pl. 42%) 385 130 338.0 177.0) 3934 1216) + 47.0 — 8.4 
Zele Sl 
7. Pimpernel X | 
(R* x 285) pl. 148*) 340 72 289.71 122:3//333:9: 17820 SOS GE 
45:19 175:41 
8. Pimpernel x King George V 137 32 118.8 50.2 136.9 321) + 18.2 + 0.1 
45:19 | 175:41 | 
9, Ringerikspotet x Aaspotet SS 20 526.3 275.7) 612.6 1894) + 58.7 —27.6 
2e Si 7, 
Total deviations + and — +302.5 —95.4 
Families 3 44454649 1,792 650 |1,602.6 839.4|1,865.3 576.7| +189.4 —73.3 
20 Se 
Families 7 +8 477 104 408.7 172.3/ 470,7. 110,3) + 68.3 —+ 6.3 
45:19 175:41 
The genotypes of the parent varieties are presumed to be: 1) R' and R° designate genes for 
Pimpernel Dead, Rars hypersensitivity in material derived 
Oberarnbacher Frühe dame from S. demissum. 
Aas, 737, 1006 and 42 Dd 
King George V and 148 Dada, Ma 
Ringerikspotet Dads, Rara 


The results clearly show that the gene R, like the other colour genes in the potato, is 
segregating in accordance with expectations based on autotetraploidy. As the results 
for R in the duplex stage hitherto have been rather scarce, this might be of some in- 
terest. 

It seems that only little double-reduction takes place at the locus of R. This is best 
seen from the results of families 1, 7 and 8, where the complementary factor D is also 
present in most plants. The deviation from expectations in table 2 therefore must be 
ascribed mainly to the complementary factor D, which locus also in earlier investi- 
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gations has been found to have a rather high degree of double reduction. However, 
the exact number of R-plants is difficult to determine, because, as stated before, the 
Rd-plants generally, are so weakly coloured as to make a classification for R in such 
plants uncertain. One case is known, however, of an Rors-plant derived from a cross 
between R,rz and r4 plants, which can be explained only on the basis of double re- 
duction at the R locus. 


FLOWER AND TUBER COLOUR COMBINED 


As stated earlier in this paper, flower colour in the potato might be produced by 
the two complementary colour genes D and F independent of tuber colour. This can 
be shown by the results of a cross between the varieties Ackersegen and Aaspotet, 
both with white tubers and flowers. The resulting segregation for flower colour was: 


Violet red White Deviation 


Obtained 65 206 2 
Expected 3: 1 67.7 203 


Ackersegen is a d,F, fz plant, Aaspotet a D‚dsf, plant. The expected ratio then is 
l coloured:3 white. The results agreed very satisfactorily. All plants had white tubers. 

Two of the progenies in table 1 also gave plants with violet-red flowers. 

The genotypes here concerned are: 


King George V D,ds, fa, (ra) 
Leksands vit da, Fa fas (Ro ra) 
Unknown variety d,, fs, (R, 73) 
Thieles Kuckuck d,, fs, (R, 73) 
Jubel Ds da, Fi fas (14) 


The cross Unknown x King George V, gave only white-flowering plants; 99 plants 
flowered, 42 of these had red tubers. 

Table 3 gives the combined results of flower and tuber colour for the two other 
families. 


TABLE 3. SEGREGATION FOR TUBER AND FLOWER COLOUR IN 2 POTATO CROSSES 


Plants with 
Total EEn 
Been red tubers white tubers 
hamuies of violet- of violet. | ni 
plants red Amets red 
ma flowers A flowers 
1. King George V x Leksands vit, obtained 43 18 7 12 6 
Expected 25: 5:25: 17 43 14.9 3.0 14.9 10.2 
(Exp. 10:5:15:6) 43 je) 6.0 17.9 ep 
2. Thieles Kuckuck X Jubel, obtained 24 Ji 4 5 11 
Expected 5:5:5:7 Di 5.6 5.6 5.6 10.2 
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In both families it is a close approach to the expected ratios for flower colour of 
25 coloured: 11 white and 5 coloured:7 white respectively, the deviations being only 
0.06 and 0.14 times the probable error. 

In the second cross, Thieles Kuckuck x Jubel, the factors R and F are derived from 
different parents and therefore recombine independent from each other, even in case 
there exists a linkage between them. No conclusion can therefore be drawn in regard 
to the connection between the factors R and F in this cross. In the first cross, King 
George V x Leksands vit, both R and F are present in the same variety (Leksands vit). 

There is a rather wide deviation between obtained and expected numbers in the 
different classes of this cross but there is no obvious linkage between the factors R and 
B. 

Of the varieties in tabel 4 below, Pimpernel, (R? x 285) no. 42 and Ringerikspotet 
all have violet-red flowers, all the other varieties have white flowers and are not 
carrying the F colour factor. 

As will be seen from table 4, there is an almost complete correlation between tuber 
and flower colour in the progeny of the variety Pimpernel, both when self-fertilized 
and when crossed with varieties not carrying the F factor. In families 1 to 5 inclusive 
and 8 not a single plant with white tubers and coloured flowers was found. The one 
single plant in this group in family 7 might be an admixture, but there is also another 
possibility, which will be explained later. Only in family 6 there are a number of plants 
(30) in this group. The pollen parent, no. 42, of this cross is a Dd3, Ff3, (r4) plant. 

In the families 2, 3 and 4 a few plants with red tubers and white flowers occur. These 
plants, however, with the exception of two derived from the cross Pimpernel Xx Ober- 
arnbacher frühe, had only light red tubers and green inflorescences and are very pro- 
bably R»rs, d, plants. Actually they should be classified therefore with the white- 
tubered plants in group 4. One out of every six plants in all crosses of table 4 theo- 
retically should be a duplex R, rz plant. The plants classified as red tubered range over 
a large scale in colour intensity in all these families, undoubtedly because they differ 
in number of both D and R factors present. 

The results obtained in the variety Pimpernel of a complete or nearly complete 
correlation between flower and tuber colour was unexpected since none of the earlier 
results for inheritance of this type of tuber colour (colour type Red?) have shown any 
such complete correlation. Red-tubered varieties with white flowers are equally fre- 
quent as red-tubered varieties with coloured flowers. The tuber colour type Red! 
(coloured skin), however, has shown a complete correlation of tuber and flower colour. 


It is therefore assumed that it is the same factor E which controls the colouring of 


both these plant parts (and some other parts also derived from the same original plant 
tissue). 


| 


The question then arises whether the colour factors of Pimpernel are different from _ 


the R and F factors already encountered and which are present in other varieties with 
coloured tubers or flowers. However, it has not been possible so far to find any differ- 


ence in the distribution or the type of colouring between Pimpernel and other varieties 


carrying the factors R and F. It is therefore presumed that Pimpernel possesses both 


R and F, and that these factors are very closely linked in this variety. The expected 


numbers in the different classes in table 5 were calculated on the basis of this pre- 
sumption. 
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TABLE 4. SEGREGATION FOR TUBER AND FLOWER COLOUR IN 9 POTATO PROGENIES 
ve A BEE AD 


Number of plants with 
Total 5 
pn number re white 
Families of tubers, | tubers, Ee white 
plants *) violet- violet- en dad 
Bed ed white white 
; flowers flowers DONS Oers 
ede bets slome med all tsj ehe Pmsp d EEN Je WS en OE EAD 
1. Pimpernel, selffertilized, obtained 59 5 0 4 
Expected 1,225: 0: 0:71 59 55.8 0 0 32 
2. Pimpernel x Oberarnbacher frühe 
Obtained 166 100 0 5 61 
Expected 25:0:0: 11 166 115.3 0 0 50.7 
3, Pimpernel x Aaspotet, obtained 33 26 (0) 1 6 
Expected 55:0:0:17 33 252 0 0 7.8 
4. Pimpernel Xx (D.S. x Aas) pl. no. 737 
Obtained 181 129 0 4 48 
Expected 55:0:0: 17 181 138.3 0 0 42.7 
5. Pimpernel x (D.S. x Aas) pl. no. 1006 
Obtained 315 240 0 0 5 
Expected 55:0:0: 17 315 240.6 0 0 74,4 
5. Pimpernel x (R? x 285) pl. no. 42 
Obtained 353 269 30 0 54 
Expected 110:11:0:23 353 269.6 27.0 0 56.4 
7. Pimpernel x (R! x 285) pl. no. 148 
Obtained 259 219 1 0 39 
Expected 175:0:0: 41 259 209.8 0 0 49,2 
8. King George V x Pimpernel, obtained 102 82 0 0 20 
Expected 175:0:0: 41 102 82.6 0 0 19.4 
9. Ringeriks x Aas, obtained 439 99 79 214 47 
Expected 1) 55:11:55:23 439 167.7 93) 167.7 70.1 
Expected 2) 12:11:33:6 439 134.1 67.1 201.2 36.6 


1) As observations are made of first-year seedlings only it was not possible to state the flower colour 
of every plant grown. 


The F factor of plant no. 42 (cross no. 6, table 4) recombines independent of R 
and F in Pimpernel, in the F‚ between these two varieties. 

The cross Ringeriks x Aas gives a surprising result for flower and tuber colour 
combined, showing a repulsion between flower and tuber colour. Ringerikspotet is 
found to be a Dd, Roro, Ff3 plant, Aaspotet is a D d3, r4, f, plant. The results for 
flower colour alone are fairly near to the ratio 11 coloured: 13 white expected on this 
factor basis (with due allowance of the expected double reductional division). The 
numbers found are 178 plants with violet-red flowers: 261 plants with white flowers. 

However, the results for flower and tuber colour combined in table 4 show a very 
poor agreement with the expected numbers on the basis of independent segregation of 
all three colour factors (Expected 1). But when it is presumed that the two R factors 
of Ringeriks are located in other chromosomes than the F factor and that no (or at 
least very little) crossing-over takes place between their loci, then we obtain results that 


fit fairly well with the numbers obtained (Expected 2). 
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The results from cross 9 thus strengthen the hypothesis of the linkage of the factors 
R and F, as presumed for the variety Pimpernel, and makes it seem more unlikely 
that the flower and tuber colour in this variety are produced by one and the same 
colour factor (R). The one exceptional plant with white tubers and violet-red flowers, 
found in cross 7, table 5, might well be a cross-over and not an admixture. Likewise 
some plants with red tubers and white flowers could very well occur as a result of 
crossing-over between R and F. Two of the plants in cross 2 might possibly be such 
cross-overs. 

The cross 1 in table 3, King George V x Leksands vit, might possibly also be a case 
of repulsion between the factors R and F. If it is presumed that the two F-factors of 
Leksands vit are located in other chromosomes than the R factor with no crossing- 
over between the loci of R and F then the calculated numbers put in brackets in 
table 3 (Expected 2) would be expected. As will be seen by comparing the numbers, 
this presumption gives a better agreement than the independent inheritance of R and 
F*; however, no definite conclusion can be drawn on the basis of these very limited 
numbers. 


COMBINATION OF TUBER COLOUR TYPES RED! AND RED? 


It is of interest, especially after finding the correlation of flower and tuber colour in 
the variety Pimpernel, to ascertain whether a relation also exists between the R and the 
E factors. 

This combination is presented by a cross between the varieties C.C.C. no. 85 and 
Pimpernel. C.C.C. no. 85 was received from Dr. HAWKES, Birmingham University, 
England. It belongs to the subspecies andigena, and is originating from the highlands 
of Columbia. It is not very different from varieties of the same tuber colour type found 
in the subspecies tuberosum (for instance: Centifolia, Sickingen, Carnea), except that 
it is a more primitive form with long stolons and is a short day plant. 

The genetic formula for C.C.C. no. 85 is D, ds, E ez, ra, f,. It has red tubers and vio- 
let-red flowers. There is a little difference in intensity of flower colour between C.C.C. 
no. 85 and Pimpernel, but no difference in the type of colour. C.C.C. no. 85 has the 
coloured cork ring present in all varieties or plants of this type of colour. 

The results for tuber colour segregation in this cross are given in table 5. 


TABLE 5. SEGREGATION FOR TUBER COLOUR IN THE CROSS C.C.C. no. 85 X PIMPERNEL 


Plants with tuber colour 
Total nr 
number Red! 2 White (+ very. 
Redt] Redt, sn de GRI 
combined 
Rd-plants) 
Obtained 386 34 151 143 5 53 
Expected (35% 17520756 N41) 386 SZ Sor 156.4 5.4 36.6 


The expected numbers are calculated on the basis of chromosomal segregation. 
There is a large group of plants with red tubers with the colour both in periderm 

and the parenchymatic tissue underneath (a combination of both tuber colour types 
*) Probability for Expected 2 is 0.145, for Expected 1 it is 0.042. 
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Red’ + Red). This group, however, shows a small deficit when compared with the 
expected numbers. This deficit is probably due partly to errors in classification, some 
plants of this type being wrongly classified as Red'-plants. The factors R and E enter 
into this cross from different parents and will therefore recombine independently in 
ge F,. 

Most of the plants of this cross flowered already in their first year. The results for 
tuber and flower colour combined are given in table 6. 


TABLE 6. SEGREGATION FOR TUBER AND FLOWER COLOUR IN THE CROSS C.C.C. no. 85 X PIMPERNEL 


Plants with 
Total 
number Red! Red? Red! +? GR! White (+ very 
of tubers, tubers, tubers, Ee light reddish) 
plants violet- violet- violet- Wen za tubers, 
red red red Oers white flowers 
flowers flowers flowers 
Obtained 345 32 130 138 4 41 
Expected 
(GS 7517516141) 345 27.9 139.8 139.8 4,8 32.7 


Not a single plant with white tubers and violet-red flowers or a red-tubered plant 
with white flowers were found in this cross, the correlation between tuber and flower 
eolour being complete. The plants designated GR! are dE plants, having the charac- 
teristics of this genotype: very light-reddish tubers with light-red (diluted) eyes and 
white flowers. Some of these GR! plants are also carrying the factor R‚ which streng- 
thens somewhat the tuber colour but does not alter the colour type, all GR! plants 
having a diluted light-reddish tuber colour and green inflorescences with weakly 
coloured cork ring. 

This cross should be expected, theoretically, to give a 35:1 segregation for the 
complementary colour factor D (on the basis of chromosome segregation). A clas- 
sification for D on the basis of coloration of the inflorescences gave the result 331 D- 
plants: 14 d, plants, as against the expected 335.4 D: 9.6 d according to the 35: 1 ratio. 
This gives 24.7 D plants: 1 d plant. The deviation is very likely due to double reduction 
at the D locus. Earlier investigations on the inheritance of the D factor have shown 
quite clearly that such a double reduction certainly takes place. The maximum degree 
of double reduction possible at one locus will result in a ratio of 20.8: 1 instead of 35: 1 
The results for D found here thus lay between these two extremes. The deviation for 
D will also cause a decrease in the number of plants with coloured tubers and flowers 
and an excess of plants with tubers classified as white, over the expected numbers, 
calculated on the basis of chromosomal division. This was also found in the present 
investigations. 

No information on the relation between the factors R and E can be found directly 
from the data of this first generation of the cross C.C.C. no. 85 x Pimpernel, but 
selfing or crossings of plants in the offspring with both factors Rand E combined (and 
containing as many D factors as possible) will give information on any possible 
relationship. Such material will be investigated later. 
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SAMENVATTING 
Meer bewijsmateriaal voor de autotetraploidie van de aardappel 


De door schrijver verkregen resultaten ondersteunen de opvatting dat de aardappel- 
soort Solanum tuberosum autotetraploid is. 

De gegevens tonen verder een onverwachte correlatie aan tussen knolkleur type 2 
(kleur in het parenchymatische weefsel onder de schil, kleurloze schil) en de bloem- 
kleur (de kleurgenen R, resp. F). 

Deze beide genen vertonen namelijk in andere gevallen een onafhankelijke over- 
erving; zij geven rassen met rode knollen en witte bloemen of witte knollen en rode 
bloemen. Het ras Pimpernel is het eerste ras dat deze volledige (of bijna volledige) 
koppeling van de kleurgenen voor knol en bloem vertoont. Het ras Ringerikspotet 
is vermoedelijk een geval van afstoting van de genen Ren F. De F-genen zijn in een 
ander chromosoom gelocaliseerd dan de 2 R-genen en vertonen een zeer geringe graad 
van overkruising ten aanzien van de loci R en F. 
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ÄBSTRACT 


A comparative study of the effect of tetraploidy in three varieties of green gram 

(Phaseolus aureus RoxB.) and selection of plants with high, medium and low vigour 
showed that the reduced leaflet size and height at the time of flowering can be con- 
siderably improved by selection. It appeared that the diploid level can be approached 
or even exceeded. 
_ The reduced fruit setting can also be improved considerably but not the size of 
fruits and number of seeds per pod. The increased seed weight was further improved 
in two varieties. The increase in protein content of the tetraploid seeds was greatest 
in the variety with the lowest protein content at the diploid level. 

Though for vegetative growth selection alone would suffice to bring the tetraploids 
up to the diploid level, if not higher, the reduced fruit and seed setting, though re- 
sponding well to selection, are unlikely to be overcome unless other breeding methods 
are introduced. 


INTRODUCTION 


Phaseolus aureus RoxB. popularly known as green gram or mung bean is a favourite 
annual legume of South East Asia. It is mostly grown for its protein rich seeds, but 
also as a fodder crop. 

A comparative study of a variety of green gram and its autotetraploid was made by 
KUMAR and ABRAHAM (3) and KUMAR (2). In the tetraploids most of the characters 
decreased in size, except the petal size and pod breadth. Fertility was greatly reduced, 
which did not improve much after three years selection. 

In the tetraploid breeding programme of this laboratory autotetraploids of several 
varieties of green gram were produced by colchicine treatment. It was found that 
considerable varietal difference exists in the effect of tetraploidy on the different 
characters. Fertility was considerably reduced in the tetraploids of all the varieties and 
one of them, viz. Chinimung, failed to give any fruit. Even the best line of the first 
tetraploid generation was much inferior to the corresponding diploid. 

Considerable improvement was achieved by Kuckuck and LEVAN (1) in linseed, 
by MÜNtzING (5) in barley and by many other workers through successive years of 
selection. But plants like sesamum and gram did not show appreciable improvement 
after selection for a number of years (PAL and RAMANUJAM, 8). 

The effects of tetraploidy and the results of selection of vigorous and weak plants 
on different characters in three varieties of green gram are presented in this paper. 
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It was thought that since the induction of tetraploidy upsets the optimum genetic 
balance established at the diploid level through years of selection, selection pressure 
alone might restore this balance to some extent at the tetraploid level and this would 
be expressed in several characters. 


MATERIALS AND METHODS 


Following the colchicine treated generation (C‚) three generations of tetraploids 
of three early maturing summer varieties of green gram, viz NP-28, EB-6 and 4441-DI, 
were grown side by side in short rows. Two generations of these varieties could be 
raised in a year. In each generation some of the outstanding, average and poor plants 
were selected. Seeds of some plants of each of these three groups were used to produce 
seed for the next generation while others were stored in a desiccator. The progenies of 
the colchicine-treated mixoploid plants, the C‚ generation, were grown from the bulk 
collection. These lines often had some diploid plants which were rejected as they were 
detected. The high, medium and low lines of the C, and C generation therefore are 
not progenies of successive generation-selections but of similar types of plants, whose 
seeds were stored so that all the generations could be grown side by side for a com- 
parative study. 

Nitrogen content of the seed was estimated by the Kjeldahl method (A.O.A.C. 
1950) and the crude protein content was obtained by multiplying the nitrogen con- 
tent by the factor 6.25. 


OBSERVATIONS 


1. Length and breadth of leaflets. The tetraploid leaves in all varieties were darker 
green in colour, thicker, and in general tended to be shorter but broader (fig. 3). As the 
inflorescences generally arise from the axil of the Sth leaf onwards, the terminal leaflet 
of the 4th trifoliate compound leaf was measured as a representative leaf. The aver- 
ages of the measurements in various rows with standard errors are given in table 1. 


TABLE |. LENGTH AND BREADTH OF THE TERMINAL LEAFLET OF THE 4TH LEAF IN MM. 


Generation | NP-28 | EB-6 4441-DI 

| 
| 

Diploid L. _|___87.6 + 2.60 | 89.9 + 1.57 | 944 + 2.05 

B. | 166416 | Tl 157 el Tl 

G E, 63.0 + 3.15 60.85 331 OI A5 

B. 5804419 | 507 + 3.53 62.5 + 4.02 

C‚ Fam. 1. L. 67.3 + 3.15 | 79:34 288 86.0 + 8.49 

B. 62.3 + 2.97 780 + 3.56 80.0 + 7.07 

Fam. 2. 55,3 + 5.70 68.0 + 3.29 71.3 + 9,19 

B. 45.0 + 4.45 73.0 + 4.74 61.7 + 10.98 

Fam. 3. É, 5104354 | © 567 + 1.79 49.7 + 7.07 

B. 43.5 + 4.59 |__ 49.0 + 4.55 33.7 + 4.35 

C‚ Fam. 1. Bs 71.0 + 4.24 85.3 + 4.32 71.5 + 672 

B. 60.0 + 7.07 84.0 + 4.24 53.5 + 12.38 

Fam. 2. E5 66.5 + 3.25 66.7 + 4.74 59.5 + 7.43 

B. 62.3 + 2.84 65.6 + 4.32 54.5 + 10.96 

Fam. 3. E 56.0 + 2.76 58.7 + 10.57 34.0 + 8.14 

B. 538 4442 | SET 1109 vof 125014 TRS 
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Figs. 1 & 2: DiPLOID AND TETRAPLOID GREEN GRAM (E.B. 6); FIG. 3: 2N AND 4N LEAVES; FIGS. 4 
& 5: FRUITS PER INFLORESCENCE AND SEEDS OF DIPLOIDS AND TETRAPLOIDS; FIG. 6: 4N & 2N LINES 


oF E.B. 6. 
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In the first tetraploid generation the leaves on the average were twenty five per cent. 
smaller. Considering the effect on the three varieties the reductions neither in length 

nor in breadth were proportional to their diploid level. The progenies of selected good 
plants gave larger leaves and the poor ones smaller leaves in the C, and.C; generations, 
thus showing response to selection of this important photosynthetic organ. 

The increase in thickness of the leaves, with larger palissade and spongy parenchyma 
cells having more chloroplastids, was maintained in all generations. But though the 
leaves were fleshier, in most of the autotetraploids no appreciable differences in mois- 
ture content of the leaves were observed as compared to the diploid varieties. As only 
a few samples were taken, nothing more can be said about this and the data are not 
presented. 

We would just like to mention here that varieties with smaller leaves not included in 
this paper, gave leaves of a more or less equal size in the C, generation and some of 
the selected lines appear to produce larger leaves in the C‚ generation. 


2. Height. The average height of the tetraploid plants was lower than that of their 
corresponding diploids (table 2), and in the varieties EB-6 and 4441-DI it was less 
than half. In these two varieties selection resulted in greater increases in height of the 
progenies than in NP-28. The C; generation of the latter variety exceeded the diploid 
in height though not significantly. The increase in height in the successive generations 
was not apparent and it should be mentioned that in the selection of poor plants only 
general vigour was considered; a poorly growing plant need not be a dwarf. 


TABLE 2. HEIGHT OF PLANTS IN CM AT FLOWERING TIME 


Generation NP-28 EB-6 4441-DI 
Diploid ME ae LE) 28.7 + 0.80 22 OERS 
C, 21.7 + 2.66 (22 En E50 Jd sE 1.38 
C‚ Fam. 1 22.8 + 4.00 22.0 + 1.24 21.5 + 2.48 
Fam. 2 Miles lesn WOS de SS 17.5°53:42 
Fam. 3 20.4 + 3.86 13.4 + 0.99 10.4 + 1.97 
C; Fam. 1 30.0 + 1.83 22.8 & 1.56 19.0 + 3.54 
Fam 2) 23.4 EE 15 17.6 zi (532 1545 zi 4,60 
Fam. 3 18.4 Se 1572 13.0 sie 2.48 9.0 Ee 1.46 


3. Flowers. The tetraploids of all varieties flowered a few days later than the corre- 
sponding diploids. The flowers were conspicuously larger (a tetraploid plant could be 
recognized by flower size) and flowering continued for a much longer period. It was 
even noticed that in an inflorescence more flowers opened. The number of flowers was 
counted in some randomly selected inflorescences. It was observed that the diploids 
of NP-28 had 16-18 buds per inflorescence, and EB-6 and 4441-DI had 10-12 buds. 
The number of flower buds in the tetraploids was smaller, the reduction being con- 
spicuous in NP-28. In subsequent generations the results were erratic and in several 
plants, irrespective of selection pressure, the tetraploids excelled except in NP-28, 
where the maximum number per inflorescence observed was 14. More flowers open in 
the tetraploids though the number of buds per inflorescence was smaller. 
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4. Pod. Though many more flowers opened in the tetraploids, the number of pods 
was much smaller, as could be expected (table 3). At the diploid level NP-28 profusely 
produced narrow pods with small seeds, and its pod setting was maximum at the tetra- 
ploid level. The effect of selection was most manifest as concerns this character. In the 
C; and C, generations of NP-28 the number of fruits was approximately double that of 
the C, though still only half that of the diploid. In EB-6 and 4441-DI the number of 
pods in the C3 and C4‚ generations was about four times that of the C‚ but again 
smaller than that of the diploids. The progenies of inferior plants showed a great 
reduction in fruit number in NP-28 (with maximum fruits); the level remained more 
or less the same in 4441-DI. In EB-6, though it was considerably reduced in the C3 
generation, an inferior plant selected from another C3 line which behaved more or less 
the same gave many more pods in its progenies. One of the possibilities is that the 
selected plant was genotypically good but did not grow well. 


TABLE 3. NUMBER OF PODS PER PLANT 


Generation NP-28 EB-—6 4441-DI 
Diploid 75.7 + 8.84 36.2 + 2.06 39.155 2.39 
Cs 16.6 + 4.31 4.0 + 0.69 2.9 + 0.74 
C‚ Fam. 1 35.5.J=15,02 9,0 + 0.94 19.0 + 6.36 
Fam. 2 15.0 + 8.57 3.5 + 2.48 8.0 + 3.43 
Fam. 3 40+ 1.32 |l (D 1402 Sente 
C, Fam: 1 30.0 —+ 10.79 19.0 & 3.5 11.4 + 4.24 
Fam. 2 13.0 + 6.10 15.5 + 4.60 10.0 + 2.46 
Fam. 3 24 + 1.56 15.3 + 1.09 | 3.0 + 0.18 


The pods of the C, generation were about half as long as those of the diploids. 
They were so highly variable that we could not decide upon the way in which their 
data should be considered. It appeared that the selection pressure used did not much 
effect this highly variable character. 

For the same reason the data for the number of seeds per pod are not presented. In 
general, the average number of seeds per pod in the tetraploids was about one fourth 
of their diploids. Selection did not much affect this character either. 


5. Seed. The gigas effect of the tetraploidy was very well expressed in the seed size 
(fig. 5). Both the longer and the shorter axes of the cylindrical seeds increased in all 
the varieties. The weights of 100 seeds are given in table 4. It can be seen that the seed 
weight was considerably increased by selection in the small-seeded NP-28, but not in 
the large-seeded varieties EB-6 and 4441-DI. The selection of poor plants decreased 
the seed size in the latter varieties but not in NP-28. 


1. Protein content of the seed. Since tetraploidy has been found to increase protein 
content in many plant species the protein content of our material was estimated 
(table 5). It follows that the protein content of the tetraploid seeds is higher. The in- 
crease was greater in varieties with low protein content at the diploid level and the 
least in the one with the highest value. As these data are just means of 3 analyses from 
bulk samples no attempt is made to generalize but only the data are presented. 
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TABLE 4. WEIGHT OF 100 SEEDS IN GMS 


Generation NP-28 EB-6 4441-DI 
Diploid 1.7 + 0.03 4,3 + 0.18 3.0 + 0.01 
GC 2.3 + 0.30 5.2 + 0.08 4.7 + 0.05 
Cr Ban! 2.8 + 0.16 5.1 + 0.09 4,6 + 0.04 
Fam. 2 2.6 + 0.10 4,7 + 0.40 4,4 + 0.16 
Fam. 3 2.0 + 0.15 __ 3.5 + 0.40 3.8 + 0.16 
C‚ Fam. 1 3.8 + 1.90 5.8 + 0.12 4,7 + 0.07 
Fam. 2 2.4 + 0.11 5.1 + 0.17 4,5 + 0.07 
Fam. 3 2.2 + 0.25 47 + 0.10 4.3 + 0.07 


TABLE 5. PROTEIN CONTENT OF SEEDS 


Protein NP-28 EB-6 4441-DI 
2n 21.50 25.37 24.04 
4n C, 26.84 27.76 27.79 
Per cent. increase 25.44 9,42 15.59 
DISCUSSION 


In the first tetraploid generation of the three varieties of green gram raised from 
seeds of the mixoploid colchicine treated plants, several features were conspicuously 
different from the diploids. The darker green fleshy leaves made them prominent in 
the lines where also a few diploids occurred. The leaves appeared smaller. Measure- 
ment of the terminal leaflet of the fourth leaf confirmed this and showed that there was 
a wider variability in size. The increase in thickness was found to be due to increased 
size of the palissade and spongy tissue which together with more chloroplastids made 
the leaves darker green. The moisture content was approximately the same in diploid 
and tetraploid leaves. 

The tetraploids grew slowly and flowering was delayed. Height taken at the time 
of flowering showed that they were about half the size of diploids in EB-6 and 4441-DI 
and about two thirds in NP-28. The flowering period in the tetraploids was much 
longer and they produced more flowers per inflorescence. The gigas effect due to 
tetraploidy was most conspicuously seen in flowers and floral parts, as expected in 
organs with a determinate type of growth. 

Reduced fruit setting has been the major handicap in utilizing autotetraploids of 
rop plants grown for fruits and seeds. Evidences are more in favour of the view that 
he reduced fertility is more gene-conditioned than due to chromosomal irregularities. 
As a result of chromosome doubling, according to KUcKUCK and LEVAN (1), the 
delicately balanced system of genic interaction at the diploid level is upset. PARTHA- 
SJARATHY and RAJAN (9) suggested that fertility is governed by a system of polygenes or 
nodifier genes and it should be possible to restore fertility at the tetraploid level by 
he adoption of suitable breeding procedures. In self-fertilized plants selection alone 
as brought about considerable improvement in yield, as for instance in Linum 
ScHLÖSSER, 10; KUCKUCK and LEVAN, 1), in barley (MÜNTZING, 5). In cross- 
ertilizers like red clover (LEVAN, 4), rye (MÜNTZING, 6) and Brassica (PARTHASARATHY 
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and RAJAN, 9), greater successes could be achieved with selection, owing to hetero- 
zygosity of the material. In self-fertilized plants, a large number of diploid lines for 
induction of tetraploids and subsequent hybridization between intervarietal tetra- 
ploids might be used to advantage. 

As observed by KUMAR and ABRAHAM (3) fruit setting is greatly reduced in the 
tetraploids of green gram to about */sth to */oth of that in diploids. The pods were 
about half the size of the diploids and highly variable in appearance. 

As in most of the other legumes, seed size of the tetraploids increased appreciably. 
The percentage increase was about 25 to 50 %, independent of the diploid seed weight. 
The number of seeds per pod was about one third that of the diploids. 


One of the reasons for release of the tetraploid “steel”’rye to the growers (in spite 
of lower yield than the diploid) was its superior baking quality. NOGGLE (7) reviewing 
the physiology of polyploids concluded that the enzymic status of the cells is changed 
considerably, explaining the altered concentration of the cell contents. The green gram 
seed is an important source of protein. The tetraploids have shown an increase in 
protein percentage, varying from about 10 per cent. in EB-6 to about 25 per cent. in 
NP-28. In the varieties where the protein content was comparatively low at the diploid 
level, more increase was noticed than in the varieties where it was originally higher. 
The increased weight and higher protein content of the seeds are two favourable 
economic characters of tetraploid gram. 

When the plants were selected for high, medium and low vigour, without looking 
for any other characters for two generations, and seeds saved from each generation 
were grown side by side, it was found that most of the characters studied were affected. 
For nearly all characters the variability at the tetraploid level was much higher. 

After the initial reduction in the C‚ generation, leaf size increased in the progenies 
of the plants selected for high vigour and decreased in low vigour selections. The in- 
crease was greatest in EB-6 where the diploid level was approached. The decrease was 
greatest in the var. 4441-DI where the leaflets were about one third the diploid size. 
The size of the leaflets depends upon the cell size and the total number of cells. 
Random sections of green gram and other tetraploids, carried out in this laboratory, 
have shown that the total number of cells is the most important factor and that there 
is a much wider range of leaf size in the tetraploid population. Since in C‚ fam. 1 of 
EB-6, and in C‚ fam. 1 of 4441-DI, leaf size approached the diploid level and in indivi- 
dual cases exceeded this, it should be possible to select larger-leaved tetraploids by 
selection alone. 

As concerns height at flowering time, selection brought the high lines more or less 
at par with the diploids in NP-28 and 4441-DI but not in EB-6. Height at harvest time 
was more variable and several tetraploid plants exceeded the diploids. Growth was 
slower in tetraploids, but there were a few rapidly growing plants in the C3 families. 


From these and other general observations on the plants in the field it would be no 
unreasonable assumption to propound that selection alone should make tetraploid 
lines at least equal to the diploids in vegetative growth, if not better. 

Though the number of pods per plant could not be increased to more than half of 
the diploids by selection of the vigorously growing plants, it could be doubled in 
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NP-28 which has more pods, and increased to about five times that of the C, where 
this generation had only 3-4 pods. As vigour may not be a good index for pod setting, 
the results on number of pods, especially in medium and low vigour selections, have 
been more erratic than for the vegetative characters. Although the data concerning 
the effect of selection on pod length were not considered, selection appeared to have 
little or no effect on this character. 

Though the size of pod and the number of seeds per pod remained more or less at 
half to one third that of the diploids (individual plant records not considered), weight 
of 100 seeds increased by selecting the vigorously growing plants in NP-28 and EB-6 
but not in 4441-DI. 

All this is an indication that by using a proper selection index fertility as measured 
by fruit setting can be considerably increased in green gram. However, it will be quite 
difficult to overcome the handicap of the small fruit size and few seeds per fruit, 
which are probably directly correlated. Even though these are partially compensated 
for larger seeds and a higher protein content, further improvements can be obtained 
only by introducing other breeding techniques. Tetraploids of more varieties should 
be produced to broaden the basis of the breeding programme. Good yielding plants 
were also found among the progenies of hybrids between NP-28 and EB-6 or 4441-DI. 
This material is now being investigated. 


SAMENVATTING 
Het effect van selectie in tetraploide rassen van Phaseolus aureus Roxs. 


Een vergelijkende studie over het effect van tetraploidie bij drie rassen van Phaseolus 
aureus Roxg. en selectie daaruit van planten met een sterke, middelmatige en zwakke 
groeikracht toonde aan, dat de geringere bladafmetingen en lagere groei tijdens de 
bloeitijd aanzienlijk verbeterd kunnen worden en wel zodanig dat het peil van de 
diploiden is bereikt. 

De slechtere vruchtzetting kan eveneens aanzienlijk worden verbeterd, niet echter 
de grootte van de peulen en het aantal zaden per peul. 

Het hogere zaadgewicht van twee rassen werd nog meer opgevoerd. Het toegenomen 
eiwitgehalte van de tetraploide zaden was hoger bij het ras met het laagste gehalte op 
diploid niveau. 

De zaadopbrengst zal verhoogd kunnen worden indien andere veredelingsmethoden 
worden toegepast. 
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ABSTRACT 


Success in obtaining an interspecific hybrid between B. pekinensis and B. oleracea 
var. acephala was possible through the use of the Chinese cabbage as the seed parent 
and the use of the growth regulator, N-m-tolylphthalamic acid. The hybrids appeared 
vegetatively intermediate between the parents except for the inflorescence which 
appeared more like the kale parent. The F,‚ was backcrossed with ease to the Chinese 
cabbage parent using the hybrid either as the pollen or seed parent. No backcross was 
madeto the kale parent. Segregation in the F, was continuousfor most characters studied. 


INTRODUCTION 


The Brassica is a complicated genus and includes over 100 wild and cultivated spe- 
cies. The formation of a basic outline by MORINAGA (4) and U (9) has aided in defi- 
ning and understanding the relationships of the different forms of Brassica. These 
authors suggested that three genome groups B. nigra (x — 8), B. oleracea (x — 9) and 
B. campestris (x — 10) made up the Brassica triangle. The combination of two of these 
three sets resulted in species with 17, 18 and 19 basic chromosome numbers. Recombi- 
nation of chromosome numbers in this latter group and with the basic three has resul- 
ted in other species within the genus (11). The parent, B. pekenensis (Chinese cabbage) 
used in this investigation has a genome of 10 and belongs in the B. campestris group, 
while B. oleracea var. acephala (kale) has a genome of 9 and belongs to B. the 
oleracea group. ns 

The present study is the result of a need of Chinese cabbage varieties resistant to 
club root (Plasmodiophora brassicae) and tolerant to bolting under long day conditions. 
There is also the possibility of developing new types of kale through recombination of 
parental characteristics. At the present, no record of successful crosses between B. pe- 
kinensis and B. oleracea var. acephala reported here has been found. 

The literature review is limited to crosses between B. pekinensis and B. oleracea. 
RAGONIERI (6) reported an unsuccessful cross between B. oleracea, Cows Fodder, and 
a Chinese cabbage variety Pe-tsai, but obtained a few plants from the reciprocal cross. 
The cross cabbage (B. oleracea var. capitata) x Chinese cabbage was not successful 
(11). More recently, NisHi et al (5) using embryo culture technic, obtained five hybrid 
seedlings from the same cross. KAKIZAKI (3) reported obtaining a few seeds from the 
reciprocal cross. Success in obtaining plants of Chinese cabbage x cauliflower (B. 
oleracea var. botrytis) was reported by RAGONIERI (6). However, the reciprocal cross 


1) Michigan Agricultural Experiment Station, Journal Article Number 2588. 
243 


S. HONMA AND O. HEECKT 


was not successful. Attempts to cross Chinese cabbage variety Pe-tsai with B. olera- 
cea var. acephala viridis, variety Green Scotch kale, were unsuccessful (6). 


Parental Description 

The varieties Mandarin (B. pekinensis) and Siberian Kale (B. oleracea, var. acephala) 
were used for this investigation. Some of the more important morphological charac- 
teristics differentiating these two species are illustrated in figures 1 and 2. The parental 
characters used in the study were among those recognized as important by BAILEY (1). 

The Chinese cabbage is an annual while the kale is a biennial. The leaves of B. peki- 
nensis are large, light green to yellowish green, soft, veiny, broad, glabrous with undu- 
lating margins, while the leaves of kale are blue-green, coarse, curled, oblong and gla- 
cuous. The petiole of the Chinese cabbage is white, winged, broad, stout and thick, 
while the petiole of the kale is long, deeply cut‚ glaborous and greenish-purple. About 
} of the length of the kale leaf has two or more pinnae on the upper part of the petiole. 
The inflorescence of the kale is elongated and opened at anthesis while that of the 
Chinese cabbage is short with the flowers clustered corymbosely at the top (figure 3). 
The parental differences recorded are similar to those described by Bairey (1,2) and 
SUN (8) for these species. 


Hybridization 

Flowering of the Chinese cabbage was induced by extending the day length to 16 
hours through the use of artificial light. The kale plant which normally requires cold 
induction was treated with gibberellin to induce flowering (10). Hybridization was 
accomplished by bud emasculation of Chinese cabbage flower and brushing the kale 
flower. An unrecorded number of pollinations failed to set normal pods suggesting 
interspecific incompatibility. The use of a piece of cotton soaked with N-m-tolylph- 
thalamic acid at 100 ppm and attached to the pedicel of the flower at the time of 
pollination resulted in the set of 12 pods with five viable seeds. Numerous reciprocal 
crosses were attempted but all pods aborted within a few days. 


CHARACTERISTICS OF THE HYBRIDS 


All five seeds obtained from the cross germinated. The F, seedlings failed to bloom 
after five weeks of cold induction. Three were subsequently treated with gibberelin (10) 
and two were again placed in the cold for four weeks. All plants flowered following the 
second series of treatments. 

The interspecific hybrid plants were intermediate in their vegetative characteristics. 
The inflorescence more closely resembled the kale than the Chinese cabbage parent 
(figure 4). The hybrids flowered profusely and showed cyclic sterility similar to that 
described by Srour (7) in Chinese cabbage. During the fertile period many pods set; 
however, few viable seeds were obtained. Since the F, plants in general appeared alike 
all F, seeds were bulked. 


Backcross 


The crossing of the interspecific hybrid to B. pekinensis parent and the B. pekinensis 
parent to the hybrid were successful. Crosses to the kale parent were not attempted 
since no flowering kale plant was available. 
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aen Fig. 2 


FIG. 1. LEAVES AND PLANT OF CHINESE CABBAGE. NOTE LARGE SOFT VEINY CRINKLE LEAVES AND 
WHITE, WINGED, BROAD PETIOLES, 


Fig. 2. LEAVES AND PLANT OF KALE. NOTE COARSE CRINKLE AND OBLONG LEAVES AND LONG SLENDER 
PETIOLE WITH TWO OR MORE PINNAE ON THE UPPER PART OF PETIOLE. 
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Fig. 3. INFLORESCENCE OF PARENTAL PLANTS. 
Left: Chinese cabbage. Note inflorescence is short with the flowers clustered corymbosely 
at the top. 
Right: Kale. Note inflorescence is elongated and open at anthesis. 
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CROSSING BRASSICA PEKINENSIS X B. OLERACEA 
CHARACTERISTICS OF THE Fy POPULATION 


_ The F‚ plants were grown in the greenhouse in pots to allow closer observation of 

the segregants (figure 5). These plants were later moved to the field for seed production. 
In the segregating generation both parental forms appeared, but the majority of the 
plant characters observed showed a continuous variation from one extreme to the 
other. The exact estimation of this variation in classes, except for petiole width, were 
difficult and therefore numerical determination of the variation was not recorded. 
Variations in leaf types are shown in figure 6. Measurements of petioles on plants 
seven weeks of age are given in table 1. 


TABLE 1, THE AVERAGE AND RANGE OF PETIOLE WIDTH (5 MM FROM BASE) IN PARENTS AND THE F, 


Average Range P?) 
Kale!) 4.5 + 0.2 mm 4,5— 6.0 mm 
Chinese cabbage*) 9.3 + 0.3 mm 8.0-10.5 mm 
5) 5.5 + 1.2 mm 3.2- 8.5 mm „001 


1) Measurements from 20 parental plants of each species. 
2) Measurements from 153 F, plants. 
9) Pis probability of true difference between F, hybrids and Chinese cabbage. 


The F, plants were given a five-week cold treatment with 16 hours of light prior to 
setting in the field for seed production. Since sterility was observed in similar crosses 
(6), the F, plants were divided into two groups, one resembling the kale parent and 
the other the Chinese cabbage. Each of these groups was covered with an isolation 
cage and bees placed in them for pollination. Plants resembling the Chinese cabbage 
parent flowered over a period of three weeks while the kale group lasted for six weeks. 
À continuous variation of types of inflorescence was observed. No numerical determi- 
nation of this variation was made. Cyclic manifestation of sterility was observed on 
fertile-appearing plants. The siliques produced on these plants were well developed 
but without viable seed. In the Chinese cabbage group six plants produced 5 to 30 
seeds, while in the kale group 11 plants produced a greater amount of seeds. Germi- 
nation of these seeds were excellent. 


DISCUSSION 


The figures and data demonstrate that a cross between the two species B. pekinensis 
and B. oleracea var. acephala was obtained. Cyclic manifestations of sterility as repor- 
ted in B. pekinensis (T) were observed in the hybrid and some of the F, plants. In this 
hybridization large numbers of pollinations as well as the use of N-m-tolylphthalamic 
acid made the cross possible. 

The segregation of physiological characteristics viz. photoperiod and cold induction 
for flowering unfortunately were not examined in the cross. The failure to examine 
these important characters was due to the major interest in obtaining seeds from the 
F‚ population in order to propagate the hybrid. These factors will be studied as soon 
as fertility can be established in the segregates. 
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SAMENVATTING 


Resultaten van kruisingen tussen Brassica pekinensis (LOUR.) RUPR. 
en B. oleracea L. var. acephala DC. 


De soortskruising tussen Chinese kool en boerenkool gelukte indien Chinese kool 
als moeder werd gebruikten een groeistof (N-m- tolylphtaalaminezuur) werd toegepast. 

De soortsbastaarden waren intermediair in vegetatieve eigenschappen behalve in de 
bloeiwijze die meer geleek op die van boerenkool. De F, werd teruggekruist met Chi- 
nese kool, waarbij de bastaard werd gebruikt als moeder- of als vaderplant. Terug- 
kruisingen met boerenkool werden niet gemaakt. 

In de F, trad voor de meeste eigenschappen, welke in het onderzoek betrokken wa- 


ren 


‚een grote vormenrijkdom op. 
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ABSTRACT 


L. Several selections from progenies from crosses between pear varieties were found 
to be free from scab (Venturia pirina) in one locality but susceptible when tested at 
another location. It is suggested that biotypes of the fungus are sharply restricted in 
their range of distribution at any given time. 


2. Due to the restricted distribution of biotypes of the pathogen, varieties are often 
considered to be resistant when in fact they have merely escaped the biotypes to which 
they are susceptible. 


3. Resistance to pear scab is shown to be inherited quantitatively and pear varieties 
vary in the resistance contribution which they pass on to their progeny. 


4, A statistical analysis of the data, using methods applicable to an incomplete 
diallel cross, has enabled the contribution of each of ten parent varieties to the scab 
resistance of its progenies to be calculated. 


5. The occurrence of high percentages of slightly susceptible seedlings suggests that 
moderately resistant selections of good fruit quality should not be difficult to obtain if 
the parents are carefully selected. It is unfortunate that both Durondeau and Fertility, 
the two best parents from the standpoint of scab resistance, are not particularly 
suitable for breeding types with high fruit quality. Of the parents in the present series 
of tests Doyenné du Comice and Williams’ Bon Chrétien offer one of the best com- 
binations, bearing fruit quality in mind, but because of the low number of resistant 
types given by this cross a large number of progeny would have to be grown to give 
worthwhile results. 


INTRODUCTION 


Various aspects of breeding pears for resistance to the pear scab fungus Venturia 
pirina ADERH. have already been reported (CRANE and LEWIS, 4; STANTON, 14, 15; 
BROWN, 2; SieBs, 12, 13). Venturia pirina has not been studied nearly as extensively 
as the apple scab fungus Venturia inaequalis, but the limited number of studies reported 
show that although the two species of the fungus behave similarly on their respective 
host plants, a considerably higher degree of scab resistance has been reported among 
the cultivated varieties of pears than among apples. CRANE and LEWIS (4) demonstrated 
that while most seedling pears are susceptible to this disease some seedlings may be 
found which show a high degree of resistance. 

The present account reports the behaviour, after further tests, of seedlings selected 
as scab-free by CRANE and Lewis and the breeding behaviour of a number of pear 


varieties. 
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MATERIAL AND METHODS 


In 1941, 993 seedlings from 17 progenies from controlled crosses between varieties 
of pear were planted at the Lord Wandsworth Agricultural College at Long Sutton in 
Hampshire. After the first two years following planting no pruning or spraying was 
carried. out and infection with pear scab became heavy throughout the plantation. 
Great variation in the severity of the attack was observed among the seedlings. Of the 
935 seedlings surviving when the records were made, 20 were found to be entirely free 
from scab, and these together with three highly resistant seedlings, were propagated for 
further tests. The scab free selections were planted together with susceptible seedlings 
at Bayfordbury, Hertford, in 1949. The disease was encouraged in the new area by 
close planting and by scattering among the trees leaves bearing the perithecial stage of 
the fungus. 

Records of field susceptibility to scab were also obtained from further progenies of 
diploid parents as well as from families derived from the tetraploid sports of Fertility 
and Williams’ Bon Chrétien. Each seedling was propagated on Quince rootstocks — 
type A or C being used as available and planted at a distance of 10 feet x 5 feet. No 
disease control was practised and infection became widespread throughout the plot. 

The degree of infection was estimated visually using four categories: 0, no infection; 
1, slight infection; 2 moderate infection and 3, severe infection. Although much scab 
was observed on the fruits the classification of the seedlings was based in all cases on 
leaf infection. The trees were recorded for at least three seasons during the period 
1955-1959. The results for different seasons were, on the whole, very consistent. Where 
variation did occur, the infection class in which the seedling was placed was based on 
the highest degree of infection recorded. 


RESULTS 


Selections 


Some of the seedlings which were entirely free from scab when selected at Long 
Sutton showed severe infection when grown at Bayfordbury. The degree of infection 
of the selected seedlings at both stations is given in Table 1. Of the 21 selections tested 
only four remained free from scab, four were severely infected and three moderately 
infected. 

STANTON (15) tested the reaction of eight of these selections to six clones of the 
fungus isolated from the varieties Durondeau, Glou Morceau, Williams and Confe- 
rence. Of these eight selections only one, No. 1265, was resistant to the six isolates. 
The others showed varying degrees of susceptibility, some producing freely sporulating 
lesions with some isolates. STANTON predicted that Nos. 1265 and 2489 would remain 
free from scab under a wide range of field conditions and that 1290, 2424 and 2484 
would do so with less certainty. Of these, 1265, 2489 and 1290, have so far remained 
free from scab. 


Progenies 


Data are available from 976 seedlings representing 26 families derived from ten 
varieties. The records in the form of a percentage frequency distribution among the 
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TABLE 1. SCAB RESISTANCE RATINGS OF SELECTED PEAR SEEDLINGS WHEN TESTED IN TWO LOCALITIES 
NC ESO 


Seedling numbers Parentage es Bavloren 
Sutton bury 
1265, 1290 Beurré Giffard x Conference 0 0) 
12621275 Beurré Giffard x Conference 0 1 
1276, 1278 Beurré Giffard x Conference 0 3 
1361 Conference Xx Emile d’Heyst 1 
1370, 1463 Conference x Beurré Hardy 0 l 
1495 Doyenné du Comice Xx Conference 0 0) 
1481 Doyenné du Comice x Conference 0 1 
ESS Doyenné du Comice x Williams 1 l 
2489 Beurré Giffard x Fertility (0) 0 
2424, 2468, 2487 Beurré Giffard x Fertility 0) 1 
2420, 2484, 2490 Beurré Giffard x Fertility 0 2 
2486, 2488 Beurré Giffard x Fertility 0) 3 


Key to classes. O — resistant. 1 — slightly susceptible. 2 — moderately susceptible. 3 — very 
susceptible. 


four infection classes and the mean progeny score are given in Table 2. The progeny 
records in Table 2 indicate that certain parents, Conference and Laxton’s Superb for 
example, consistently produced progenies, the majority of which were susceptible to 
scab, while Durondeau and the diploid and tetraploid forms of Fertility gave a large 
proportion which were only slightly susceptible. Of the 976 seedlings only five or 0.51 
per cent were completely free from scab as compared with 2.14 per cent found by 
CRANE and Lewis, and 2 per cent found by SreBs (13). 

In order to assess the contribution of each parent to the degree of scab resistance in 
its progeny, a statistical analysis of the data was made, using methods described 
previously for an incomplete diallel cross (GILBERT, 6; BROWN, 3), which enabled the 
contribution of each parent to scab resistance to be calculated. As a means of em- 
phasising differences between and within families a discriminant function of resistance 
values was calculated to replace the score classes 0, 1, 2, 3, which for the purposes of 
analysis became 0, 0, 4, 5 respectively. This means that the difference between none or 
slight versus moderate, or severe infection is four and a half times as important as the 
difference between moderate versus severe infection for showing differences between 
families, The contributions of varieties to their respective sets of crosses are given in 
Table 3. 

The figures given in Table 3 are the estimated contributions of the parents to the 
average scab resistance score based on the classes 0, resistant or slightly susceptible 4, 
moderately susceptible and 5, very susceptible of the individual progenies given in 
Table 2. The sum of the main effects of any two varieties gives the estimated, average 
score of their progeny. 

Of the parents used, Durondeau is outstanding in the degree of scab resistance it 
confers on its progeny, while the majority of seedlings of Conference and Laxton’s 
Superb and the diploid Williams are highly susceptible. 

KiRKHAM (9) found some indication that the variety Williams’ Bon Chrétien on 
Quince A was more susceptible to scab than when on Quince C. Some families of 
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TABLE 2. SCAB RESISTANCE OF PROGENIES 


Per cent with scab resistance Mean 

No. of . 
score of resist- 
Parentage Seed- an 
lings Oa Ob 4 5 SCOre 
Fertilitvaselfedvenkr ten ve Tee Hens 18 6 83 11 (0) 0.44 
SaBentilitv desa ee a aen vee 7 0) 71 29 (0) 1.14 
Sen Dutondeauk.. ten en eN 17 5 0 53 41 6 1.94 
SHANI AS AP MER U 9 0 20) 56 22 3133 
MEC Onferenden „17 Zr-tearenee P 78 4 19 45 32 3.40 
Sa Walltannst Moskees Pe Pee 35 0 icn 74 11 3.54 
baaxtonis Superbe en 30 Oagesdl 3 40 57 MIRRAEAS 
Bertilubyad pselfed … Aan eek ens 6 (0) 83 1e (0) 0.67 
PD urondealPs ns en ne 9 0) 89 11 0) 0.44 
MaBeurreslardyAs at 21 0 67 19 14 1.48 
SAW EE 14 0) 50e AG Nije 2.14 
Da ilt 4e A 24 4 42 46 8 225 
PrEONLErenCere beke geek verts tree 22 0) 9 50 41 4.05 
Doyenné du Comice selfed . . .... 24 0 17, 50 33 3.67 
SNN LS eN ee er t dere 2 0 69 41 0 1.64 
OT De ES On Ea 60 0 35 40 25 2.85 
er Rent KA kn ot 0 CAAS IE 81 0 25 47 28 3.30 
Nals teren ati deken eh nf 11 0 9 91 0 3.64 
EEN EOMS LE A VPL AE 5 0 0) 60 40 4,40 
pBeurre Hardy. we ma en 13 0 0 46 54 4,54 
Eontference'selfedrs 11, Pin ant ME 14 0 7 64 29 4.00 
saBeurré Hardyrar. aiten. lans / Sl 0) 10 63 27 3.88 
Beurre: Gifford: . vore ab 255 0 K) 59 36 4.16 
Purondeame Walliams. nnn on Onl 0 33 67 0) 2.67 
Laxton’s Superb x Durondeau .. . . 71 0 35 61 4 2.63 
sa Beute Giffardieasen 15 aen ee 70 0 9 44 47 4,13 


Key to classes Oa — resistant. Ob — slightly susceptible. 4 — moderately susceptible. 5 — very 
susceptible. 


TABLE 3. ESTIMATED AVERAGE RESISTANCE CONTRIBUTION (— main effects) OF PARENT VARIETIES 


OMCONAEAE EN 0.18 Beurre Giffandi ae 2 Ws. EAN 1.70 
Peru a APR AE LEE PIONEER 0.74 Doyenné du Comice, sar 1.96 
Williams’ Bon Chrétien 4x . ... 0.90 Williams’ Bon Chrétien 2x .. 212 
Bertility, 2isentraad bandana ds 0 Gonfetencenss sne as en 2.41 
BEE Eland ve 1.46 Eaxton sne UPerbnn 2.60 


The average standard error of the difference in the main effects of two varieties is 0.237. 


seedlings reported here were grown on Quince A rootstock, others were on Quince C. 
In a progeny from Conference x Beurré Hardy approximately half of the seedlings 
were on Quince A and half on C. The results given below indicate that the rootstock 
had no effect on the susceptibility of the seedlings to scab. 
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Roon Neef Per cent with resistance score of 
stoek | Seedli Boe 
OC eedlings Oa | Ob | 4 | s 
| 
Conference JN 22 0 14 | 50 | 36 3.82 
De 
E | 
Beurré Hardy G 29 (0) ie i» 21 3.93 
DISCUSSION 


The results in Table 1 show that many of the scab free seedlings selected in the Long 
Sutton orchard proved to be susceptible when tested at Bayfordbury. It can be assumed, 
therefore, that the range of biotypes of Venturia pirina present at Long Sutton were 
not the same as those at Bayfordbury. Even so, four of the 21 selections remained free 
from scab. 

SIEBS (13) concluded that seedlings selected as resistant to leaf infection by the scab 
fungus could still be attacked by moderately virulent biotypes, but that highly virulent 
races of the pathogen capable of overcoming the resistance are not likely to appear 
frequently on such material even when it is grown in an environment which is favoura- 
ble to the disease. 

STANTON (14) classified a number of varieties according to their field susceptibility to 
scab into five classes. Beurré Giffard was classified as immune; Conference as resistant; 
Durondeau and Doyenné du Comice as moderately resistant and Williams, Fertility 
and Laxton's Superb as susceptible. Material was not available for the adequate 
testing of all the varieties used as parents but recent tests on a few of the varieties have 
shown that Beurré Giffard, Doyenné du Comice and Laxton’s Superb are all very 
susceptible under field conditions. Beurré Giffard has also been reported as scab 
susceptible in Switzerland (KOBEL and SPRENG, 10). Biotypes of the pathogen capable 
of attacking Beurré Giffard and many Beurré Giffard selections clearly do exist in some 
areas and the scab resistance status of the variety must therefore be revised. 

Reports in the literature on varietal resistance and susceptibility show inconsisten- 
cies. Beurré Hardy is reported to be very susceptible in Holland (1) and in Switzerland 
(KESSLER, 8) and resistant in France (DELBARD, 5). LANGFORD and KerrT (11) have 
also noted that varieties that have been classified as resistant in certain countries and 
localities have been highly susceptible in others. HERBST (7) reported the occurrence 
in some localities of forms of Venturia pirina capable of attacking varieties that in 
other localities had remained free from infection. While differences in environmental 
conditions influencing susceptibility perhaps offer a partial explanation for these 
inconsistencies the available evidence indicates that variability of the pathogen is the 
major factor. 

The results in Table 2 and the parental contributions to scab resistance in Table 3 
are also in some cases contrary to what would be expected from general reports of the 
field resistance of the varieties. Fertility which is usually reported to be very susceptible 
has yielded progenies with a high proportion of resistant seedlings. Conference 
provides a low resistance contribution and most progenies from crosses involving this 
variety have a large proportion of susceptible seedlings. Conference has long been 
considered highly resistant to scab but in recent years it has been quite severely 
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infected on many farms (WoRMALD, 16). Thus it would appear that biotypes of the 
pathogen capable of attacking Conference and many of its offspring are becoming 
more widely distributed. Pear varieties when inoculated with several, distinct biotypes 
of the fungus have invariably proved to be susceptible to some and resistant to others 
(STANTON, 14, LANGFORD and Kerrr, 11). Varieties such as Conference and Beurré 
Giffard, which have been considered highly resistant and are now no longer so, would 
therefore appear to have no special resistance mechanism but merely to have escaped 
encountering the biotypes to which they are susceptible. It seems probable, therefore, 
that what appears to be a higher degree of scab resistance in pear as compared with 
apple varieties may merely be due to the restricted distribution of some biotypes of 
the fungus at any given time. 

From the results obtained from this survey involving cultivated varieties of pear, 
it is clear that scab resistance shows a quantitative pattern of inheritance, and the 
occurrence of high percentages of seedlings in the slightly susceptible class suggests 
that moderately resistant selections of good fruit quality should not be difficult to 
obtain if the parents are carefully selected. It is unfortunate that both Durondeau and 
Fertility, the two best parents from the standpoint of scab resistance, are not partic- 
ularly suitable for breeding types with high fruit quality. Of the parents tested in the 
present series of tests Doyenné du Comice and Williams’ Bon Chrétien offer one of the 
best combinations, bearing fruit quality in mind, but because of the low number of 
resistant types given by this cross a large number of progeny would have to be grown 
to give worthwhile results. 

1 wish to thank Mr. N. E. GirBemT for statistically analysing the data in this paper. 


SAMENVATTING 


Schurftresistentie in nakomelingschappen van kruisingen tussen peren-rassen 


Vele selecties uit nakomelingschappen van kruisingen tussen peren-rassen bleken op 
sommige plaatsen resistent te zijn tegen schurft (Venturia pirina), terwijl ze op andere 
plaatsen wel werden aangetast. De conclusie lijkt gerechtvaardigd dat fysio’s van de 
schimmel op elk tijdstip zeer beperkt zijn in hun verbreiding. 

Door plaatselijke verbreiding van de fysio’s worden rassen vaak verondersteld resi- 
stent te zijn waar ze in feite alleen ontsnapt zijn aan de fysio’s waarvoor ze vatbaar zijn. 

Schrijver toont aan dat resistentie tegen peren-schurft kwantitatief overerft en dat 
de rassen verschillen in resistentie. 

Een statistische analyse der gegevens, waarbij methoden werden toegepast die gelden 
voor een onvolledig stel diallele kruisingen, heeft geleid tot een waardering van elk der 
10 gebruikte ouderrassen met betrekking tot hun schurftresistentie. 

Het voorkomen van hoge percentages weinig vatbare zaailingen doet veronderstel- 
len dat matig resistente selecties van goede kwaliteit niet moeilijk te verkrijgen zijn als 
de ouders met zorg worden gekozen. 

In de uitgevoerde proeven bleken de rassen Doyenné du Comice en Williams’ Bon 
Chrétien de beste combinatie-geschiktheid te bezitten voor wat betreft de kwaliteit van 
de vrucht. Door het geringe aantal resistente typen uit deze kruising zou echter een 
groot aantal nakomelingschappen moeten worden geteeld en beoordeeld om goede 
resultaten te verkrijgen. 
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ABSTRACT 


The chromosomes of twenty-four blight resistant potato cultivars produced from 
S. demissum Xx S. tuberosum hybrids were counted. Twenty-two cultivars had 2n = 
4x — 48 chromosomes and two cultivars had 2n — 4x + 1 — 49 chromosomes. The 
implications of these results are discussed briefly in relation to previous studies and to 
potato breeding methods. 


INTRODUCTION 


The backcrossing of Solanum demissum LINDL. (2n — 6x — 72) by S. tuberosum L. 
(2n — 4x — 48) to produce blight resistant potatoes is hampered by abnormal 
segregation and sterility caused by aberrant meiosis (SALAMAN, 7 ; BECKER, Ì ; SCHNELL, 
8). Direct backcrossing of the pentaploid hybrid by tetraploid S. tuberosum would be 
expected to yield many aneuploids and COOPER and HOWARD (3) found that, in fact, 
blight resistant segregates were hyperploid with one or a few extra chromosomes. 
Their material, however, had not been highly selected for agronomic characters. By 
contrast with this material there exist a number of named potato clones which have 
been bred from S. demissum by the backcrossing method and which combine blight 
resistance with agronomic quality. This note records the chromosome numbers of a 
sample of them with the aim of testing whether aneuploidy is always associated with 
blight resistance as the results of COOPER and HOWARD suggest. The only count 
recorded for such material is for “Variety 8670’ which had 2n — 48 (PUSKAREV, 6). 


MATERIAL AND METHODS 


Twenty-four blight resistant commercial potatoes derived from direct crosses 
between S. demissum and S. tuberosum were studied (Table 1); two pure S. tuberosum 
clones were also examined. Exceptionally clear preparations (Figs. 2 and 3) were 
regularly obtained in root tip squashes made by the following method. Sprouts with 
well developed root initials were cut out of the tubers (Fig. lA) and placed in tubes 
containing vermiculite saturated with White's standard inorganic nutrient solution 
(Fig. 1.B). Satisfactory root growth occurred after three days storage at 20 + 2°C. 
(Fig. L.C). The sprouts were then washed free of vermiculite and placed for 5-6 hours 
in 0.022M aqueous 8-hydroxyquinoline (Tio and LEvAN, 9) (Fig. 1.D). This was 
followed by fixation for 18-24 hours in a mixture containing 5 parts ethyl alcohol, 
2.5 parts chloroform and 1 part propionic acid, after which the root tips were removed 
and hydrolysed in N.HCI for 8 minutes at 60 °C and then stained by the Feulgen 
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method. Squashes were made in 1 % acetic orcein in 45 % acetic acid as this was found 
to intensify the staining. Slides were made permanent by the liquid carbon dioxide 
method (Bowen, 2). In order to reduce subjective error, ten metaphase plates were 
scored for each variety and the chromosomes were counted in the drawings without 
reference to the actual preparations. 


RESULTS AND CONCLUSIONS 


Chromosome numbers and pedigrees are listed in Table 1. Different counts between 
cells within the same cultivar may be due either to errors of interpretation or to true 
variation in chromosome number. In squash preparations, even with exceptionally 
clear and apparently undamaged cells, errors can be expected due to the displacement 
of one or more chromosomes and to centromere breakage with separation of chro- 
mosome arms to give the appearance of two chromosomes. Displacement is likely to 
be the commonest artefact and, therefore, counts below the mode will be more 
frequent than those above it. This is borne out by the data in Table 1. Owing to these 
limitations of the technique chromosome numbers alone are insufficient to detect true 
variation of the extent of one or two chromosomes. True variation can only be 
verified by supplementing chromosome counts with evidence on the source of varia- 
tion such as the observation of lagging or misdividing chromosomes in untreated 
anaphases. Although the nature of the variation in the present material studied is 
undetermined, it is correct to take the model number as the true chromosome number. 

As shown in Table 1, twenty-two clones are tetraploid (2n — 4x — 48); two are 
hyperploid (2n — 4x + 1 — 49). In this material, therefore, blight resistance is not 
correlated with aneuploidy, a result which differs from that of COOPER and HOWARD 
(3). The discrepancy may be explained as follows. Rigorous selection for agronomic 
characters as well as for blight resistance would be expected to eliminate extra 
demissum chromosomes whereas selection primarily for blight resistance — as in 
CooPER and HOWARDS’ material would not only permit the persistence of such extra 
chromosomes but might even encourage it. Of the two clones listed here with 2n — 49 
chromosomes one — “Stelzner 40654/5’ — is an established cultivar but the other — 
‘BC 11 - 5’ —is not. Thus, although an additional chromosome need not be detrimental 
at the cultivar level these results suggest that it usually is. Selection for agronomic 
quality, it seems, eliminates aneuploidy without detriment to blight resistance. 

It appears, therefore, that, in a breeding programme using cytologically unbalanced 
hybrids derived from species crosses, it might be advantageous to increase the rigour 
of selection for good agronomic characters at the first backcross stage. Chromosome 
balance would occur as a correlated response and this should reduce the need for 
many successive backcrosses as well as reduce the numbers of plants that need be 


grown in the later generations. 
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TABLE |. CHROMOSOME NUMBERS AND PEDIGREES OF POTATO CULTIVARS 


Chromosome number 


Pedigree 
according to 


Cultivar Number of cells with: Mean _ | HOGENEscHa. ZINGSTRA 
Mode (+ S.E) (4) 
46 | 47 48 49 50 
ABC ROL 9 1 48 48.1 (0.10) (DT)? 
IBG ESE ARE 3 u 49 48.7(0.20) (DT)? 
‘Beltsville 8629 . . 8 2 48 48.2(0.15) T x DT)? 
‘Canso’ 2) 8 48 47.8(0.15) DIe 
‘Cornelia’ 3 7 48 47.7(0.20) (6D RT: 
‘Electra’ 1 1 8 48 47.7(0.24) ee D Ne 
ESSO: 1 2 5) 1 1 48 47.9(0.36) GD 
Falke rie AE 8 2 7 1 48 471.7(0.30) (DTE 
Kortunat Ais (ak Banda 48 | 48.0(0.15) T x (DT)? 
‘Frühnudel’. . 1 9 48 47.9 (0.10) (DDL ed 
‘Kennebec’ . . 4 6 48 47.6(0.16) deer DU) 
‘Keswick’ 1 8 1 48 47.9 (0.18) DT* 
‘Maritta’ . . 9 1 48 48.1 (0.10) (DEL xT 
‘Monika’. . . D Ji 1 48 47.9 (0.18) (UD 4D) el 
‘Placid’ 10 48 48.0 (0.0) T xe (DE) elk 
(Reaal 2 6 2 48 48.0(0.21) Dis 
RAVA 9 1 48 48.1 (0.10) Tee (DIE) 
‘Robusta’ di 3 48 48.3 (0.20) (EE 
Roswitha: 3 Ji 48 47.17(0.20) DT)? XT 
‘“Stelzner 40654/5’ 1 9 49 48.9 (0.10) TD JN 
‘“Stelzner 40663/21’ 2} 7 1 48 47.9(0.18) DIL 
‘“Tedria’ 3 2 7 1 48 47.9 (0.18) TDi. 
‘Virginia’. . 2 7 1 48 47.9 (0.18) Dior DT 
Z.P:C45/2 Zi) 7 1 48 47.9(0.18) POST 
‘Arran Pilot’ l 3, 48 47.8 (0.20) T 
Echpses 1 2) a 48 47.6(0.22) a 


*Personal communication from Dr. H. J. Toxopeus. 


D = S. demissum 


F = S. fendleri 


T = S. tuberosum 


(DT)? = S. demissum hybrid including “W* race; number of backecross generations unknown 
although “W” race derivatives are at least DT* (MÜrrer, 5). 


SAMENVATTING 


Het aantal chromosomen in aardappelrassen met overgevoeligheidsresistentie tegen 


Phytophthora 


Van 24 resistente aardappelrassen, ontstaan uit S. demissum X S. tuberosum 
terugkruisingen, werd het aantal chromosomen geteld. Twee en twintig van deze 
cultivars hadden 2n — 4x — 48 chromosomen en slechts twee waren aneuploiden met 
2n —= 4x + 1 = 49 chromosomen. 

Geconcludeerd wordt dat selectie op landbouwkundig waardevolle eigenschappen 
aneuploidie schijnt uit te schakelen zonder dat de phytophthora-resistentie verloren 
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Fro. 1A-D. STAGES IN METHOD FOR GROWING ROOT TIPS. EXPLANATION IN TEXT 
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RoOT TIP METAPHASE OF CULTIVAR ‘PLACID’ ROOT TIP METAPHASE OF CULTIVAR ‘STELZNER 
WITH 2N —= 4X — 48 CHROMOSOMES. X 2,125 40654/5’ wiTH?2n — 4 X + 1 — 49 CHROMOSOMES. 
DNS 


Figs. 2 and 3 photographed from permanent preparations. 
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behoeft te gaan. Het verdient daarom aanbeveling onder de zaailingen van de eerste 
terugkruisingsgeneratie direct en scherp op landbouwkundige eigenschappen te selec- 
teren. 
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Annual Report 1958/59 Plant Breeding Institute, Cambridge. 1960, 69 pp., Five 
shillings. 

This is the first published report of the Cambridge Plant Breeding Institute and it is 
intended that in future a report should be produced annually to provide a brief 
account of the scope of the Institute’s work. In the feature article (Plant Breeding 
Institute, 1952-1959) the Director, G. D. H. Brrr, Ph. D., gives a general account of 
the development of the work of the Institute from its establishment in September 1952 
as a research organisation with its own Governing Body. 

Furthermore the Report gives an account of the various sections. 

Plant Breeders all over the world will be greatly interested in reading this report and 
the following ones which enable them to become acquainted with the important 
research conducted at the Plant Breeding Institute Cambridge. 


Beiträge zur Rübenforschung 3 (1959) 50 pp., 18 DM; 4 (1960) 92 pp, 19 DM. 
Akademie-Verlag, Berlin. 


No. 3 contains an article by H. NörzeL on the influence of growth regulators on the 
root formation of root parts of chicory and an article by H. STAUDE on the tolerance 
in sampling tests of ploidy degrees of anisoploid sugar beet seeds. 

No. 4 contains an article by P. CURTH on the environmental factors influencing the 
change to the reproductive phase of sugar beets. E. SOMMER discusses the conducto- 
metric control to distinguish non-treated and water-treated seeds of sugar beets. 


Eucarpia, Second Congress of the European Association for Research on Plant 
Breeding, Köln, 1960, 280 pp. 


An extensive report has been published of the 2nd Eucarpia-congress which was 
held from 6-10th July 1959 in Cologne (see also the article by Dr. F. P. FERWERDA in 
Euphytica 9, 1960, p. 13-17.) 

Although the names of the writers of this report have not been mentioned it can be 
readily assumed that Prof. Dr. W. RUDORF and his collaborators of the Max-Planck- 
Institut für Züchtungsforschung, Köln-Vogelsang, have devoted much time to this 
publication. 

Among other accounts, the report also gives the discussions in the section-meetings 
and some 40 lectures, most of which have been read in section-meetings; the following 
5 were given on general conferences. 

D'AMATO, F., Cytological and genetical effects of chemical mutagens. 

CAUDERON, A., Hétérosis et sélection réciproque chez le Mais. 

HAGBERG, A, Barley mutations used as a model for the application of cytogenetics 
and other sciences in plant breeding. 

Ruporr, W., Plant breeding in Germany. 

STRAUB, J., Struktur und Wirkungsweise der Selbststerilitätsgene. 

The report concludes with a survey of the excursions held after the congress while a 
list of participants has been added. 
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Official publication of The Indian Society of Genetics and Plant Breeding 


Founded in 1941. Contains articles on subjects of interest to the Plant 
breeders on genetics, cytology, plant breeding methods, biometrical studies, 
crop improvement work in India, reviews of present state of knowledge in 
important fields, etc. 


Vol. 20 (1960) contains among others original articles on: 


The origin of rice, pachytene analysis in rice, genetics of rust resistance in 
wheat, chromosome pairing in Solanum, cytology and origin of coconut, 
inheritance of quantitative characters in linseed, morphological and cyto- 
logical effects of P32 and S35 in plants, etc. 


Published three times a year in volumes of about 250 pages. There was only 
one issue in 1941 and two issues per annum till 1959. Vol. 20 appears in 1960. 
The subscription rate in Rs. 20/- per year (inclusive of postage). Backnum- 
bers of some of the volumes are still available. 


Address all communications on editorial matters to Dr. B. P. PAL, Director, 
LA.R.I., New Delhi-12, India, and on business matters to the Secretary/ 
Treasurer, Division of Botany, LA.R.L., New Delhi-12, India. 


Netherlands Journal 
of Agricultural Science 


Quarterly Journal edited by: 
KONINKLIJK GENOOTSCHAP VOOR LANDBOUWWETENSCHAP 


(Royal Netherlands Society for Agricultural Science) 


Some papers published in Volume VI (1958) and VII (1959) or forthcoming 
in Volume VIII (1960): 


Phytophthora palmivora of cocoa and its control 


Observations of the flowering and fructification of the groundnut, 
Arachis hypogaea 


Farm systems in South-East Asia 


Influence of phosphate on the botanical composition and on the grade 
of quality of herbage 


The trace elements boron and manganese; the state of research in the 
Netherlands 


Tobacco growing and rural welfare 
Nematodes in relation to plant growth 
Thermodynamics of soil moisture 
Blisterblight in tea 


* 


Annual subscription price: 16 Dutch guilders (£ 1.10 or $ 4.25). 
The journal is issued four times a year in annual volumes of about 
300 pages. 


* 


All inquiries regarding the journal and requests for specimen copies should 


be addressed to: 


IR. A. EVERS, POSTBOX 33, WAGENINGEN, HOLLAND 
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Information on all topics concerned with 
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microorganisms, in particular the methods 

and achievements of crop breeding, field 

trials, new varieties and strains, genetics, 

cytology and applied statistics is given 
regularly in the journal 
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COMPILED FROM WORLD LITERATURE 
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abstracts from articles and reports in 
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reviews of new books and notices of new 
journals. 
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